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SUMMARY

In this essay, possible mechanisms are discussed which may lead
to discrimination in the allocation uf .inputs to public education. A

model of market discrimination in the supply curve for public school
teachers is -xplaincd and tested using data from the 3eston Metropoli-
tan Area. The consequences for the distribution of teacher inputs in
the Loston Metropolitan Area of the meacured discrimination are then
explored.

Discrimination is defined to be a situation in which a shift of
inputs from either blacks to whites, or from low- income communities to
wealthy communities could lead to increased efficiency in the allocation
of resources. Thus, inequalities in inputs resulting from increased
self-taxation and spending of wealthier towns are not considered discri-
mination. No kinds of discrimination are discussed: discrimination
within a school system, which would result from less inputs being
allocated by the system to schools with more blacks and/or poor, and
discrimination between systems, which might result f.-on different
cystems facing onequnl prices for the samo educational inputs.

Little evidence is rvailable to confirm or to deny the possibili-
ty of within system discrimination, The hypothesis of between system
discrimination is tasted using data on public secondary and elementary
school teachers in the Boston Metropolitan Area. Much evidence is
found to substantiate the hypothesis that school systems with more non-
white students, cet. par., must pay a higher price for the same stand-
ardized unit of teacher input. It is estimated that the measured dis-
crimination coefficient raises the cost of public education in the city
of Boston by between 5 and 10 percent. It is possible that the price
differential may result from sore characteristic unique to the central
city, rather than blackness, although more detailed testing appears
to support the racis:1 interpretation.

The distribution of a standardized unit tf teacher input is only
important if OIL comNnent characteristics which are used in computing
the teacher quality indox arc thomselves indicators of how well teachers
can educate students. Results from previous studies of educational
production functions indicate that the teacher characteristic measures
used fn this study import:wt.:, although other important measures
arc left out hocense of unavailability of data.

School system,: ith .,to non-while students, ',tter things equal,
in lhe toston aria, oppcLr to :lavo o-caler expenditures
per pupil. these same systems rctive !Tort. of some of the
VOASOI's of 1cack2r q1.7.11y, relative :4-,,Ic7a..,itlres per student, for

these cormunitis2s, If v.t,L11 grceter than re7ative measured input per
student. State and frd,:nal aid crpaz- to to mere to school systems
with riorm pun-whit. u.3pecnlly federal aid. There is little evidence
thet lie pto;;ra',s setnally redistributive tetrads low-income

vi



groups.

The results of the study raise the possibility that decentral-
ized ghetto school systems may have to pay a very high price for
teachers in a free market. This implies that decentralization pro-
grams ought to be accompanied by compensatory state and/or federal
aid to those communities which are lit.ely to be faced with higher
costs.

vi I
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CHAPTER 1

INTRODUCTION: POSSIBLE METHODS OF DISCRIMINATION IN

THE ALLOCATION OF RESOURCEg TO PUBLIC EDUCATION

Equality of educational opportunity is su often seated and widely
accepted goal of government policy. Nevertheless, recent government
studies have shown that much inequality exists, both by race and
income class.' Unfortunately, the definitiou of criteria for measuring
equality, and how equality relates to equity, or fairness, is often
unclear. Inequality does not necessarily imply the existence oc dis-
crimination. Indeed, the vecy notion of discrininacion, particularly
when considering the allocation of public resources, must be based on
some clear concept of what is meant by fairness in the distribution of
resources.

In this study, the author, using the most conservative criterion
of fairness, will examine under what circumstances discrimination
against blocks and low-income groups might exist in the provision of
resources to public education. The distribution of educational re-
sources within a political unit is compared to the distribution between
independent political units. Theories concerning the sources of dis-
crimination, and the effects of discrimination on the distribution of
inputs, are then tested using samples of data on characteristics of
teachers in public schools in the Eoston Metropolitan Area and in the
entire state of Massachusetts.

The outline of the succeeding chapters is as follows. In this
chapter, some possible standards for equity are briefly discussed and
the choice of criteria to be used is explained. A corresponding defi-
nition of discrimination is provided. Two alternative behavioral
models which could lead to racial discrimination in the allocation of
educational resources, one based on deliberate political discrimina-
tion and the other based on market behavior of individuals, are pre-
sented and their applicability is briefly discussed. Chapters 2 and
3 arc concerned with evaluation of the ma-.-ket discrimination model.
In chapter 2, the economic and statistical basis for an empirical test
of the market discrimination model is preonted. An explanation of a
quality-supply function for lecc!..:re is sct forth. EconoTotric prob-
lems in interpreting the resnits'ire nwo.y:1:'d, and the sample data upon
which the study is based is described. In chapter 3, regression esti-
mates of the quality-supply function ire presented for three samples:
public school teachers in the 6oston rezropolitan Area, public school

1
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teachers in the state o; Massachusetts, and graduates of Tufts Univer-
sity placed in the Boston Area schools in the years 1966-1969.
Possible interpretations of the regression results are examined. In

chapter 4, the distribution of teacher inputs by race and income class
in the Boston Metropolitan Area and the state of Massachusetts is

described. Chapter 5 reports tentative conclusions of the study and
possible policy implications.

In formulating economic policy, the twin objectives of efficiency

and equity are often in conflict. A familiar theorem in price theory
tells us that, in the absence of public goods and externalities, pure
competition leads to an efficient alloc tion of resources: efficient
in the sense that it is impossible to improve the welfare of one indi-
vidual without harming someone else.2 Even with the knowledge that
most markets in the real world can not be classified a.-.; purely compe-
titive, economists believe that the competitive model represents a
serviceable approximation ot reality, in that it can be used to predict

market behavior.3 Further, it has been estimated that the loss of
ailocative efficiency due to market imperfections is small relative to
the national product.4 Thus, in most cases government intervention
in the economy is not warranted as a device to improve efficiency.

On the other hand, few would claim that the distribution of in-
come resulting from a market system is necessarily in accord with our
ethical beliefs. Large differences in initial factor ownership be-
tween individuals can generate substantial inequality in the distri-
bution of income even in the absence ot monopolistic regulations and
discrimination. It is widely believed that there is some role for
government intervention to alter the distribution of income generated
by the free market.5

In general, economists have concentrated more on the efficiency
issue than the equity issne.6 This is understandable, since the tools
of economics are much better designed to handle the efficiency problem.
Objective criteria, such as price being equal to marginal cost, or in
the case of public investment, the discounted stream of marginal
benefits, defined in market terms, being equal to the discounted stream
of marginal costs, can be set up and policies evaluated on that basis,
despite formidable difficulties in analysis. In the area of equity,
there can be no such apparent objectivity. What kind of income dis-
tribution one thinks is "fair" is a matter of personal taste. Even
if all were agreed on the proper shape of the income distribution, the
question of how much efficiency should be sacrificed to reach that goal
would be left unanswered.

Government intervention in the field of education can he justi-
fied on the grounds of both efficiency and equity. Many writers feel
that the concept of externalities, or neil;liborhood effects, applies
to the area of educcJicn.7 The social benefits of educating an indivi-
dual exceed the private benefits since most people would be willing
to pay a positive price to prootu the basic education of their fellow
citizens. It in believed that an educated citizenry is vital to the
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functioning of a modern democracy with an advanced economy.
8

It does not necessarily follow that the subsidies to elementary
and secondary education implied by the externalities argument must
take the form of government operation of public r'hools. Milton

Friedman for one has advocated supplying government subsidies to parents
of school age children in the form of education vouchers.9 Whatever
the merits of the Friedman plan may be, our present method of subsi-
dizing education is mainly through the public schools. The equity, or
distribution problem therefore follows, since whenever a good is pro-
vided free to the public and financed through general taxes some re-
distributional effects are inevitable. It can be argued that subsi-
dizing education of low-income individuals is a good way to accomplish
the redistribution desired by society. It corrects one of the major
causes of inequality, differences in the ownership of productive re-
sources: in this case, human capita1.1° On the other hand, all
public allocation decisions are inefficient in that they provide a
uniform level of consumption of the service within the given pol.tical
unit. Therefore, they can't satisfy the differing demands of different
individuals. In that sense, the Friedman plan is the most efficient
possibility: a general subsidy is given for the externalities and
individuals are then free to increase expenditures at the margin by
choosing among alternate private and/or public schools. If the indivi-
dual values additional units of education enough to pay an extra price,
presumably he will do so and the market system will then respond to
best satisfy consumer preferences. A decentralized system of public
schools, with funds raised by each local community in accordan.:e with
its "taste" for education and with a general subsidy from the Federal
and State governments to localities to pay for the external benefits
which accrue to the entire nation comes very close in effect to the
Friedman plan. Individuals can choose between a high-tax, good public
education community and a community which provides less public educa-
tion, but offers either lower taxes or a larger quantity of other
public services.

Thus, there are a number of possible goals that government inter-
vention in education can seek to meet, and the equity and efficiency
objectives are often in conflict. Let us consider four possible con-
cepts of distribution for elementary and secondary education, ranked
from the most egalitarian to the most efficient.

i) The goal could be to equalize the outputs of education, where
outputs might be defined as scores on nationwide achievement tests.
Given the unequal distribution of ability among individuals, the goal
is impossible to achieve as stated. So, one may advocate achievement
of equality of output among groups. In this view, children from low-
income families should be raised to the serhe. level of educational per-
formance as children from high-inc exa families. This goal, of course,
requires compensatory education: more dollars invested per capita in
the education of the poor. Since income is to some extent correlated
with intellectual ability, and inheritance is a factor in the deter-
mination of ability, 12 students frnm low income backgrounds are likely

3
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to require more inputs to match students from high income backgrounds.
Thus, apart from the desirability of the goal of equalizing output
for different social classes, it is hard to consider it a realistic
one in any society in which a free market generates considerable income
inequality and in which attributes positively correlated with success
in the market place are also positively correlated with academic per-
formance."

ii) The goal could be the more modest one of equalizing the
inputs to education. Equality of inputs conforms to one notion of

fairness. Everyone, it is believed, deserves an equal chance. Yet,

it is almost as impractical to achieve as the goal of equalizing

output. For any level of public expenditure on education, some indi-
vidual may wish to purchase more education for his children, either
with private schools or private tutors. Either such arrangements
would have to be banned, or else educational inputs made to conform
to the tastes of the wealthiest and most education-loving member of
society -- surely a wasteful and extravagant procedure. A more modest
goal is equalizing public inputs to education for all individuals.
Though the educational voucher plan might accomplish this, trader present
institutional arrangements it is a difficult goal to achieve. It means
that either expenditures per pupil would have to equal the level of the
wealthiest suburb, or that towns not be allowed to have separate public
school systems. The former would result in a huge increase in the
share of GNP going co public education, at the expense of other urgent
priorities. The latter would mean reducing the benefits in terms of
efficiency and in terms of the power of the individual to exert in-
fluence over his own school board. Groups of people who wish to spend
more than the national average on education would no longer have the
option of moving to a community with higher taxes and better schools.
Their only option would be to pay the cost of tuition to a private
school in addition to their share of the cost of public schools.

iii) The goal could be to provide every student with a "decent"
education. Some minimally acceptable level of input would he pro-
vided for everyone. This goal is analogous to the often stated goal
of eliminating poverty.15 Instead of, or in addition to floor under

minimum incoma, a floor could he provided under the minimum educa-
tional input, at some level above what is provided by the poorest of

our school districts. The overall distribution, above the lower part,
would not be greatly affected. The problem here is in defining what
is a "minimally acceptable" level of education. Although this question
could be answered in some sense by the political process, it is im-
possible for the author to claim an arbitrary amount of expenditure
to he "inadequate," from the point of view of defining discrimination.

iv) The anal possihn goal would be to Allocate educational
resources in the rost efficiunL ronncr possible without regard to
distributional consicLrations. Assuming parents are fully aware of the
private benefits of education, and can choose wisely among alterna-
tives, the voucher systr-a with the sJbsidy set to the "external"

4
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benefit would accomplish this objective, and decentralized school
systems receiving state and federal grants-in-aid approximate
Current institutions are a mix, consisting of some large, hetero-
geneous school systems (central cities, usually) and some scroll, rela-
tively homogenous ones. Assume that current institutional arrangements
involving the size of school districts are fixed. Then, one can at
least speak unambiguously of a sub-optimi%ation policy. Given insti-
tutional constraints, efficiency is maximized within a community if
inputs are allocated so as to equali%e the rate of return on addi-
tional inputs for all groups of students. Efficiency in the alloca-
tion of inputs between communities is maximized so long as there are
no artificial barriers to flows of resources between communities.16'

The disadvantage of goal iv) is that it almost completely ignores
the valid goal of making some use of the educational system as a means
towards the redistribution of income, or at least the promotion of
equality of opportunity. It treats the distribution of benefits from
education just as it treats the distribution of benefits from con-
suming any private good, such as automobiles. Criterion iv) is clearly
inconsistent with stated national policy objectives.

For the definition of discrimination in the chapters that follow,
a modified version of criterion iv) will be used as a standard. The
boundaries of current school systems will be assumed to be fixed.
Within that constraint, any policy, public or private, which causes a
departure from an efficient allocation of resources, and in addition
involves a redistribution against either low income groups, or against
blacks vis-a-vis whites of equal income will be defined as discrimina-
tion. Thus, discrimination within a system will be defined as a dis-
tribution of inputs which results in a higher marginal gain in
educational output for dollars spent on blacks than on whites, and a
higher marginal return for investing in poor students than in rich
students. Discrimination between school systems will be defined as
anything which makes the ability to obtain the same inputs more diffi-
cult or m)re expensive for school systems with more low income people
and more blacks. It should be stressed that the criterion used here
is a very conservative one. Anti-egalitarian measures are only con-
sidered discrimination if they also involve a loss of economic effi-
ciency. No doubt some investigators may prefer to use a looser defi-
nition of discrimination.17

The above definitions imply the existence of two possible beha-
vioral models of diserimination'in education. The first ,ight be
labelled a political -riodel of discimiultion, the second a free-market
model. Most of the remainder of this paper will be devoted to dis-
cussion of tests performed on the froe-r1lelet model, with the political
model r2ntion2d only in passing. Dolom, a brief discussion and
comparison of the two models is pres2nted.

In the political model, it is assumed that both blacks and whites
reside vithin the same fisc?1 decision- raking unit, though black and
white children attend separate schools. Whites, being the dominant

12



political and economic majority, have more influence than the blacks
in determining the pattern cf school inputs. Subject to some legal,
moral and social restraints, they allocate resources in such a fashion
as to give less educational inputs to black students than would be
dictated by conditions of efficiency.

Considering the amo.,nt of discussion oc the problem of educa-
tional opportunity, and ihl well-publicized diabnosis of wl'ite racism
as the cause for social problems,18 it is surprising that so little
has been done to test the hypothesis of deliberate political discri-
mination. The Coleman Report has shown that many school inputs are
distributed unequally, to the advantage of whites, especially in the
South.19 But the sample from which these inferences are made includes
schools both within and outside of central cities. Thus it is impos-
sible to conclude that the input differences roilect discrimination,
and not increased self-taxation and spending by white communities.
There are three possible ways in which the discrimination as implied
by the political model can occur.

i) State aid funds can be awarded disproportinnately to school
districts with more whites.

ii) Cities can spend more pet pupil in white schools than in
black schools. Assuming the production functions for both white and
black education arR the same, unequal inputs conform to our definition
of discrimination.4°

iii) Through tracking, whites within a school may receive more
educational inputs than blacks.

Evidence of i) has been indicated by the Kerner Report where it
is pointed out that in twelve metropolitan areas studied by the Civil.
Rights Commission, suburban schools received more state aid per pupil
than city schools in seven of the areas.21 Since in many states, state
aid is proportional to a measure of tax effort,22 and tax effort of
suburban communities may be higher, the Kerner finding does not neces-
sarily imply discrimination.

Evidence of ii) is provided by Patricia Sexton :n a study of
Detroit chools and in a reference to Chicago schools in a later
artiele.'3 Also, Katzman's study of Boston elementary schools stows
a positive regression coefficient of expenditures per pupil on percent
pupils white, but the coefficient is nrt statistically significant
(t=1.19). Katzman does show a significant relationship between e..Den-
ditures per pupil and voting-participation rate in the school district.

24

Evidence of iii) has been noted in many educational stueies.
25

In conclusion, little work has born done to date to test the
hypothesis of deliberate political discrimination and that evidence
which bears on the question do s not provide strong reason to either
accept or reject the hypothesis26
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The free-market model is the one which will be tested in the
remainder of this essay. It is based on the economic theory of dis-
crimination developed by Becker.27 In Becker's theory, discrimination
is treated as a taste coefficient which represents the price the
majority group (whites) is willing to pay to avoid contact in economic
exchanges with the minority group (blacks). Individuals maximize a
utility function which includes their "taste" for discrimination as an
argument along with money income. Becker then sets up an interna-
tional trade model in which output is a function of capital and labor
in each sector, the black sector is relatively labor-intensive and
the white sector is relatively capital-intensive, and trade consists
of blacks exporting labor to (or importing capital from) the white
sector. Becker treats discrimination as analogous to trade barriers,
and shows that ty.ch white and black income will be reduced by the
existence of tastes for discrimination in a competitive economy.
(However, since whites are both a numerical majority and an economic
majority, it is shown that the loss to the white community from dis-
crimination is very small compared to the loss to the black community).
He then shows how the extent. of market discrimination depends on the
magnitude and distribution of individual tastes for discrimination,
the degree of competition and the relative number of blacks. The

theory may be used to explain employrnnit discrimination (blacks
receiving lower wages for work requiring the same effort and skill),
housing discrimination (blacks paying higher rent for the same quality
housing), consumption discrimination (blacks paying a higher price for
the same grocery store goods), and other types of discrimination that
occur in the market plixe.

It is crucial to note that by "taste for discrimination," Becker
does not necessarily meal, th' cruder forms of race hatred. If an

individual prefers to have economic dealings with members of his on
ethnic group because he loves them, rather than because he hates
others, the market effects are exactly the sane. In Becker's words,

The social and economic implications of
positive prejudice or nepotism are very
similar to those of negative prejudice or
discrimination.-8

The key element in the theory is iliac the market behavior of indivi-
dual whites, whatever the motIve ray be, will lead to a situation in
which blacks face a lower demand price for the things they wish to
sell, and a higher supply price for the things they wish to buy.
Further, prejudice of individuals in economic behavior is only impor-
tant if it is widespread enough to result in effective market dis-
crimination.

Becker's conclusions are not strictly correct, since suos:quent
work has shown that whites can gain from market discrimination in much
the same manner that a nation can increase its income through an opti-
mum tariff policy.29 Assuming that the white sector is relatively
capital-intensive, restriction of capital flows to black areas will,

7
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up to a point, increase white income. White income is maximized at
a point where the rate of return on capital is higher when combined
with black labor.30 It does not follow that whites collectively will
restrict "capital flows" to black areas, i.e. discriminate in the
employment of blacks. The individual employers themselves have no
purely monetary incentive to practice discrimination. Nonetheless,
if white employers in fact practice discrimination for other reasons,
white society as a whole can realize a pecuniary gain, even though
capitalists muse lose both individually and collectively.

The free-market model of discrimination in educational inputs
is a very simple extension of the Becker model applied to the supply
of public school teachers. Consider the good being producei to be
educated students. The inputs to production are uneducated students
(i.e., labor) and teachers (i.e., capital). Since the black sector is
relatively labor-intensive, it must import white capital (teachers).
But white teachers demand a higher monetary return to teach in the
black sector. In other words, black communities must pay a higher
price for the same quality of teacher input. It is clear, then, that
white students gain at the expense of black students from this form
of discrimination. Whether whites as a whole gain is not clear from
the mode1,31 but it is certain that the black sector, a numerical and
economic majority, will lose.

The rea-ler should be warned that the statistical tests in the
succeeding chapters are not tests of whether or not public school
teachers are prejudiced against Kacks. No statistical analysis of
patterns of market behavior can serve as a measure of the psychologi-
cal and emotional feelings of people. What is sought here is a test
of whether school systems with more blacks, all other things equal,
or with more of the very poor, all other things equal, must pay a
higher price for an equivalently qualified teacher than school systems
with white, middle-class studenrs. The test is whether or not effec-
tive mavIret discrimination exists.

Real world institutions p';rmit the possibility of both political
and free-market discrimination existing siLaltaneously. School
systems with a high proportion of black students, while discriminating
internally, may still have to pay a higher price for teachers than
neighboring all-white systems.

In the succeeding chapters, a -7,odel to test for free-market dis-
crimination is explained and tested.

8



CHAPTER 2

THE SUPPLY OF TEACHERS IN THE BOSTON METROPOLITAN

AREA: THE SAMPLE AND ESTIMATION PROBLEMS

In this chapter, the econometric model ,Ised to test the hypothesis
of free market discrimination is explained. The hypothesis states that
school systems with specified social and economic characteristi -'s, such
as a high proportion of non-white students or a high percentage of
students from low income families, will have to pay a higher '.rice to
obtain the same quality teacher. The method of selecting GA index of
quality, and the probable nature of the bias resulting from that
measure is discussed, along with an explanation of the meaning of a
quality-supply function. A description is provided of data used, and
the methods of variable construction, and some discussion is included
of the important statistical problems encountered in estimating the
model.

A single-equation model is used to estimate a supply function for
teachers from data on mean salaries of teachers and mean characteris-
tics of teachers in different school systems. In the samples used,
each town or city has a separate school system which it finances inde-
pendently, excluding aid from state and federal subsidies. Data on
socioeconomic variables are available for every town. Mcan salary
paid to teachers in a school system is regressed on 1) a set of
characteristics of teachers in that system, and 2) a set of socio-
economic variables for the corresponding city or town which are pre-
sumed to affect the desirability of that community to teachers.

P = F (Q, S, p) (2.1)

where:

P = mean teacher salary for the school system
Q = a vector of average teacNbr characteristics in the school

system
S = a vector of student characteristics in the school system and

socioeconomic charactstics in the corresponding town
p = a random disturbance term

Equation (2.1) can ba considered a "quality-supply" equation for
teachers. The interpretation of (2.1) as a quality-supply equation
is e:eplairled below.

9
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The determination of price and quantity exchanged in any market
results from the simultaneous interaction of demand and supply. Thus,

observed changes in quantity and price over time, or observed dif-
ferences in quantity and price over space, may result from either a
shift in the desired demand at any price, a shift in the desired supply
at any price or a combination of the two. In any attempt to estimate
a demand (at supply) relationship it must be assumed that the relation-
ship being measured is the more stable of the two; if the demand
(supply) relationship has more random shifts, then the equation
estimated is identified as a supply (demand) relationship.1

Equation (2.1) is not a supply schedule in the usual sense. It

is not an estimate of the additional quantity of teachers that would
be supplied at a higher market price. In this model, the quantity-
supply schedule is assumed to be horizontal. Each school system is
assumed to be able to purchase as many teachers as it wishes at the
prevailing market price. The assumption of a horizontal supply
schedule is equivalent to the assumption that school systems are
purchasing teachers in a purely competitive market. No one system
is a large enough buyer to be able to affect the market price. The
school system purchasing teachers is in an analogous position to an
individual consumer of a privately-supplied good for which there are
many buyers. Each buyer is a price-taker, although the sum of the
effects of the actions of all buyers does affect the market price.

Each school system is then faced with a set price for a given
quality-level of teacher. At that price, it can hire as many
teachers as it wants of the specified quality. The price differs
for each school system. School systems with "less desirable" charac-
teristics wall face a higher supply price; they silt have to pay
more for the same quality teacher.

price

P
1,1

oll

1,0

P0,0

S
1,

Q
1

S0, Q
0

S 1 /
Q0

S0' Q0

Figure 2.1

Quality-Supply Schedules
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In Figure 2.1

P11 = the price that system 1 has to pay for quality ql.

P01 = the price that system 0 has to pay for quality qi.

P10 = the price that system 1 has to pay for quality go.

P0,0
the price that system 0 has to pay for quality q0.

Figure 2.1 shows that system 1 is less attractive to teachers
elan system.O. The mean price paid varies directly with the level of
teacher quality and inversely with the desirability to suppliers of
the school system.

An increase in the quantity of teachers demanded, given no change
in the average quality level, will have no effect on the market price,
in any system.

Bow valid is the horizontal-supply assumption? In the sample
used, the Boston Metropolitan Area, there are 78 separate school
systems, of which 65 are included in the sample under study. If each

system were of equal size, it would contribute only 1/78 (approxi.-
mately) to market demand and thus, for all practical purposes, it would
appear reasonable to treat the supply curve facing it as horizontal.
Two factors tend to weaken the plausibility of the horizontal-supply
assumption. First, the city of Boston employs over 20 percent of the
public school teachers in the Boston SMSA, and thus may have some mono-
poly power. Boston may have some effect nn the market price by the
quantity it chooses 'to hire. Second, teachers having characteristics
which might be defined as reflecting,superior qualities may be in fact
so scarce that even a small increase in demand raises their market
price. Figure 2.2 depicts two school systems with identical socio-
economic characteristics, employing the same average quality of teacher.
The teacher quality is assumed to be scarce, and the only difference
between the school systems is that system 2 desires to hire a greater
quantity of teachers than system 1 for any given price.

P2

P1

price

Figure 2.2

supply schedule

Quality-Supply Model With Rising Supply Schedule
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quantity
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PI, P2 represent market price in systems 1 and 2, respectively.

D1, D2 represent demand functions for teachers of systems 1 and 2.

Figure 2.2 shows that if the supply schedule for a given quality
is not horizontal, price differentials between systems will reflect
differences in demand. Therefore, the estimates of the quality-supply
relationship will be biased. The question of bias in the estimation
of equation (2.1) is explained more thoroughly below.

Equation (2.1) is meant to depict a long-run equilibrium in the
market. The price data is the mean salary for all teachers in the
system and the data on characteristics from which the quality index
is constructed are data on the entire stock of teachers at a given
point in time. Thus, the teacher characteristics data is affected by
decisions by prospective teachers over a long period of time. It is

not denied that the short-run supply facing any system may not be per-
fectly elastic; it may have to raise its salary to hire a greater
number of equivalently qualified teachers this year. It has been noted
elsewhere that all firms probably have some dynamic monopsony power
in the short-run.2 What is argued here is that in the long-run the
supply schedules are likely to be very elastic. The longer the time
period under consideration the less "scarce" the qualities become, as
more individuals either ]) enter the teaching profession or 2) acquire
more education to meet the requirements of those systemc attempting
to hire teachers with "scarce" qualifications.

In conclusion, equation (2.1) is to be interpreted as an estimate
of shifts in the long-run supply schedule facing different school
systems. The shifts result from 1) differences in mean characteristics
of the teachers employed in each school system and 2) differences in
characteristics of the school systems which affect their, ability to
attract teachers.

The major problem in the practical application of the free-market
mode] is the definition of a suitable quality index. It would be hard
to find widespread agreement on exactly what is meant by the "quality"
of a teacher. There are so many attributes that the schools attempt
to ii,part to students; they include n-,t only measurable things such as
verbal and mathematical facility and development of specific skills
and knowledge, but also unmeasurable characteristics which relate to
an Individual's ability to be a "good citizen" and to conform to what-
ever social standards the authorities are seeking to impart. Even if
all of the outputs of the schoolTwere measurable, constructing a set
of weights for relative importance would be impossible.

The procedure used in this essay is to define "quality" by means
of a hedonic index. The hedonic index is a weighted average of measured
teacher characteristics, where the weights are the regression coefficients
in the regression of price on teacher characteristics (equation (2.1)).
For example, suppose that an additional year's experience contributes
on the average, $100.00 to a teacher's market price, while an addi-
tional year of college completed contributes an extra $500.00. Then,
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19



if a new teacher replacing a retiring teacher has one more year of edu-
cation and five less years of experience, he has the same measured
quality. The weights in the hedonic quality index are determined, in
effect, by the school systems themselves and how much they are willing
to pay for specified teacher characteristics.3

It should be noted by the reader that the question of which
characteristics of teachers constitute quality, while in itself an
important and interesting issue, is not the primary subject of the
essay. Many previous studies have attempted to relate teacher charac-
teristics to objective measures of student performance.4 Some work
even suggests that school systems themselves are not only unaware of
the relation of teacher inputs to teacher outputs, but greatly tis-
allocate resources by choosing the wrong teacher characteristics.5 It

cannot be stressed too strongly that the quality index used here should
not be construed, even in intent, to be a measure of any kind of in-
trinsic quality. Let the reader understand that the word "quality,"
as used throughout the remainder of this study, means nothing more than
those attributes which contribute to a teacher's marketability;
those attributes which, on the average, administrators appear to
prefer.

There are two ways, then, in which a teacher characteristic may
be positively related to mean teacher salary in the regression analysis.

1) Fixed teacher salary schedules may bc: an explicit function of
that characteristic. In Massachusetts, all towns' salary schedules
are a function of teachers' experience, and most a function of the
teachers' level of education.6

2) Given their salary schedules, administrators will try to re-
cruit the best teachers possible. Those that pay more will be able,
cet. par., to attract better teachers. Thus, other characteristics,
not reflected in stated salary schedules, may be positively corre-
lated with price.

Ordinaty least squares estimates arc best linear unbiased only
if i) the disturbances are uncurrelated with the independent variable
Op = 0, Sp = 0, and ii) the disturbances are fixed and uncorrelated
with each other (11 p = O,iij pp foru= j). 7 Although
these assumptions are hardly ever stfictly true in econometric work,
it is often possible to treat them as such, for all prPetical purposes.
Below is an explauatien of why the possible bias and inefficiency
resulting from mis-specification cannot be ignored in interpreting
results from the estimation of equation (2.1).

i) Bias

the distorbance term includes all left -cut variables, i.e. those
variables which would add explanatory power to the regression, but for
which data is unavailable. If there Is a stenificant correlation
between the leftout variables and included variables, the resul'-ing
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bias can be serious.
8

The formula for the bias can be written:

E(b ) = B rl
q
B
q

where:

b. = estimated value of the i
th

coefficient

B. = "true" value of the i
th

coefficient

B = "true" value of the coefficient of the lea-out variable

p
iq

= coefficient of the i
th

variable obtained from an "auxi-
liary" regression of the left-out variable on all the
independent variables.

(2.2)

The most important "left-out" variable is some adequate measure
of teacher quality. For given experience and education level, there
is surely a great Variance in the quality of teachers available. The
regression results in chapter 3 indicate that percent of teachers
graduated from colleges outside Massachusetts (STGOS) has a significaut
positive relationship with salary. This may perhaps be explairee by
the possibility that the better school systems recruit nationwide,
and are well known to prcbpective teachers from outside. the Bostnn
area. 9 Then, STGOS, becomes a proxy for some, bat only a fraction,
of left-out quality. In Levin's analysis of the Coleman data, in
which individual teachers' salaries for a whole metropolitan area were
regressed on a set of teacher characteristics, it was found that
teachers' verbal scores on a standardized test had a significant,
positive reLatiorvodp with salary.") Levin's regression included
terms for experience and level of teacher education. Unfortunate1:1,

the Coleman Survey did not include the boston Metropolitan Area, so
that it was impossible for the author to obtain any measure of teacher
verbal ability by school system. The absence of a measure of teacher
verbal ability, among other left-out attributes, makes it highly
probable, therefore, that Bfq, 0, where Bq is the coefficient of the
left-out variable: unmeasured teacher quality.

One can only then infer the probable his of each of the other
coefficients on the basis of presumed signs of the piq's. in a
sample of teachers graduated from Tufts University, also tested in
chapter 3, some additional dimensions of "quality" which were absent
from tie sample of school systems in the Boston SSA and the St?te
of Massachusetts were present. These extra quality dimensions worn
used to estimate "auxiliary" regressions: i.e., to try to measure
the piq's. The signs of the pici terms in these regressions tend to
be as expected, and help strengthen the presumptions about the probable
direction of the bias which are made below.

Two coefficients for which the bias vas a matter of concern were
the coefficients z.ttached to median income and to percent students
non-white. In the ca :.e of redian income. the coefficient is consis-
tently positive and statistically significrt. On the surface this
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would indicate that wealthy commenicies must pay more for an equiva-
lehtly qualified teacher; a hiely unlikely situation. If Si = median
income, then bi is clear!y biased upwards, since we can presume that
pi O. In effect, median income becomes in part a proxy for the
left-out measure of teacher quality.

An altecnative explanation of the positive sign of the median
income coefficient would be the existence of simultaneous equations
bias. One should expect a positive correlatio ,-. between price per
teacher and median income of a cornunity, if the price is considered
the demand price. In this case, again, the supply function estimate
would be biased because the independent variable is correlated with
the residual. ThIJ is exa. tly the same mathematical condition as the
condition for a specification error due to a left-out variable. But
the "lett-out" variable is the real problem. If all the teacher
quality variables were included, then "demand" is on both sides of
the equation, and the partial telation between price and income can
only be interpreted as a "quality-supply" relationship.

If the assumption of a horizontal supply schedule facing each
school system is incorrect, then there will be a simultaneous equa-
tions bias in the estimate of the inceme term. Then, observed price
would tend to vary directly with quantity demanded even if all the
relevant teacher quality variables are included. If the demand
schedule shifts to the right, it will intersect a rising supply
curve at a higher price. Since income is likely to be positively
correlated with demand, the demand relationship will make it posi-
tively correlated with price.

The bias in estimating percent students non-white is of concern
because the existence of a "discrimination coefficient" is the main
hypothesis being tested. If Si = percent students non-white, then
bi is not likely to be biased aownoards, since ft is unlikely that
pjq, the partial coefficient in a regression of left-out quality on
percent students non-white is positive. If anything, the bias in the
estimation procedure resulting from left-out Leacher quality variables
leads to an underestimate of the size of the discrimination coeffi-
cient. It also, by the same reasoning, underestimates the coefficient
attached to measures of povr..:Ly and social disintegration.

ii)

There is a large variance in the 3iZO of our observations. Each
obserlation is an average of the characteristics of different nun6crs
of individuals. Therefore, if the variance of the error term is the
sane for each individual teacher, the assumiaion of a constant variance
of the error for each ohscreation may be incorrect. To correct for
the possibility of heterescedasticit y,11 weighted least-squares esti-
mates, which assn: -le the variance of the error is proportional to 1/N
(where N is the populatice of the tewn) are pie:wated for all regres-
sions, along with the siople least-squ,:res ostimttos,12
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A further problem in interpretation of the results is caused by
the existence of multicollinearity in the sample. In the discussion
below of the nature of the sample and the construction of the variables
that were tested, the problem of multicollinearity is fully explored.

Three sets of regressions are performed in chapter 3 on differeat

samples. The first sample consists of 66 of the 78 school systems in

the Boston Matropolitan Area. The 12 systems removed from the sample
were those which do not have separate secondary schools. The second

sample consists of 137 school systems, spread across the entire state
of Massachusetts. The 137 school systems chosen, out of 351 in the
state, were those for which i) a sufficient amount of data was avail-
able, and ii) separate secondary school systems exist. The data for

both samples consists of statistics on average characteristics of
teachers and mean salary paid, which was supplied to the author by the
Massachusetts State Department of Education Research Center, and sta-
tistics on population, income and socioeconomic variables published
by tile Massachusetts Department of Commerce and Development,13 the
Massachusetts Apartment of Welfare,14 and the Boston Safe Deposit
Company.15 Data on SAT scores was supplied by Arthur J. Corazzini,
from a survey of students in the Boston SMSA.16 The third sample
consists of a set of individual teachers, who were placed at schools
in the Boston Metropolitan area in the years 1967-1969 by the Tufts
University Department of Education. Most, but not all of the
teachers are graduates of Tufts University or Jackson College. The
additional data required for the Tufts sample was supplied by the
Tufts Department of Education and the Tufts University Records Office.

Each town or city in Massachusetts coincides with a separate
school system. The study only examines the allocation of teachers
among school systems; the important question of allocation to schools
within a system is ignored in estimating equation (2.1). The advan-
tage of this procedure is that the interpretation is clearly a market
interpretation. Within a system, the allocation of teachers results
from some unknown combination of teacher preference and administrative
fiat. Thus, it would be improper to interpret regression results on
observations of individual chools within the same system to be a
"quality-supply" schedule.

The Boston area has some characteristics which make it particu-
larly suitable as a sample for this investigation. Prst, as men-
tioned above, the towns and cities in the area each correspond to a
separate school system. Thus, it is possible to match teacher charac-
teristics data collected from the school systems with socioeconomic
variables gathered fron census data. Second the city of Boston itself
constitutes P relatively small fraction of the total metropolitan
area. In 3965, the population of Boston itself was 616,326; the popu-
lation of the Boston surA was 2,605,452. :any of the separate towns
and cities surrounding Boston are themselves densely populated urban
areas, which arc much more similar sociologically to Boston than to
the farther -out suburhs.17 This, it is possible to look at a choice
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between different "cities" which are located close enough together
to constitute one market area. Third, the 66 towns and cities under
study vary greatly in their social and economic characteristics and
in the amount of resources devoted to public education.16 Fourth, the
sample size is certainly adequately large for statistical inference
purposes. Finally, examination of the data reveals less multicolline-
arity among `he socioeconomic variab?-:s than one might fear. Although
the simple correlation coefficients between most pairs of variables
have the expected sign, they are in most cases sufficies.tly small to
make it possible to separate the contribution of one variable from
another. (A table of correlations between independent variables is
printed below.) In particular, the existence of very pcor communities
with a small proportion of blacks, makes it possible to have some
indication of the separate effects of race and poverty on the supply
schedule.

One deficiency of the sample is that relatively few towns have
any sizeable fraction of blacks in the population. For that reason,
the existence of a positive discrimination coefficient may reflect
characteristics specific to seve.al towns (e.g. Poston and Cambridge)
which are not measured by other socioeconomic indicators used. A
dummy variable for central city was used in the regression, but this
proved to be highly correlated with percent students non-white in
the public schools, and so separate estimtes of the effect of
"central city" and race were impossible to obtain. To correct for
the problem, the statewide sample was used for the same regressions.
The statewide sample includes other metropolitan areas which have a
fairly sizeable black population (e.g. Springfield - Chicopee -
Holyoke Si"ISA, New Bedford SMSA) plus other metropolitan areas which
have pract5.cally no blacks (e.g. Lawrence - Lowell, Pittsfield,
Worcester and others).

Table 2.1 lists the teacher characteristic variables used in
estimation of the Boston SMSA and Massachusetts samples.

Table 2.2 lists the socioeconomic variables used as cLarac-
teristics of the school systems and towns.

The problem of multicellinearity in the sample can be seuarated
into two sub-problems.

First, high correlation between a pair of independent variables
will make it impossible to determine which one belongs in the final
regression. In the results printed in chapter 3, variables included
are those which make the maximum addition to the explanatory power of
the regression'. Only variables whose coefficients arc statistically
significant are included. This procedure does not always give the
right results. For example, suppose two variables X1 and X2 are
highly correlated with each other and each one indiIdually adds to
the explanatory power of the regression. The standard errors of the
estimates of the coefficients of X1 and X2 will be very 3arge if both
are included in the regression togetiv:r. If XI adds mare to the re-
gression than 12. after includin3 all other variables, it doffs not
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necessarily imply that changes in XI, rather than changes in X2 cause
changes in the dependent variable. It may in fact be true, because
of random errors and measurement errors, that X2 is the cause of
changes in the dependent variable and that XI enters the regression
(without X2) only because it is correlated with X2.

The variables tested for the Massachusetts and the SMSA samples
may be divided into three subsets: teach-r characteristics, charac-
teristics which serve as a measure of the level of income and/or
wealth, and characteristics associated with racial composition of the
population and measures of poverty aad social disintegration. Within
each subset, there is considerable multicollinearity; between the
subsets little multicollinearity. There is some overlap in classifi-
cation. Some variables can be placed in both of the two latter
categories. Tables 2.3-2.5 show correlation matrices within each of
the three categories for the Boston SNSA.

Tables 2.6-2.8 show correlation matrices for each of the three
categories for the state of Massachusetts.

The tables can be summarized as follows:

i) There is no serious multicollinearity between pairs of vari-
ables for the teacher variables in either the. SNSA sample or the
statewide sample.

ii) Among the income-wealth variables, persons employed classi-
fied as professional, technical and kindred, median family income, and
estimated value of taxable property per capita are all highly inter-
correlated for both the SMSA and the statewide sample. Following the
argument on probable bias of the estimates presented earlier in the
chapter, each of the above variables can serve as a proxy for left-out
teacher quality.

iii) In the SMSA sample, the variables POYN14, CITY, and ASNW are
alnost perfectly correlated with each other. Each can serve as a
measure of "blackness"; it is impossible in the SMSA sample to dis-
tinguish between the non-white variable and the central city variable.
ASNW is probably a superior measure to ?DPW of "blackness" for V40
reasons. First, ASNW was measured in the year 1968-69, the same year
for whic% the Leacher characteristics data is available: while POPNW
was measured by the 1960 census. To the extent that migration changed
the pattern of non-white residcacy in the intervening nine years,
ASNW is a more accurate measure of the distribution of blacks. Second,
ASNW is a measure of proportion of blacks in the public schools,
while POPNU is a measure of proportion of blacks in the populaticn.
Presumably, if anything the blacks in public schools would be a more
relevant deternNant of teachc:r choice among school systems than blacks
in the corrrunitie.;. The two figures arc different in part because of
the existence of th VETCO pro6rarl, through which some black students
residing in the central city attend public schools in those (mostly
white) snEurbs which rticipate in thn progran.19
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Table 2.3

Correlation Matrices of Teacher Variables: SMSA Sample

1. Secondary Teachers

STYPS STED STMALL STGOS STCERT

STYPS 1.00 0.36 0.06 0.02 0 02

STED 0.36 1.00 -0.05 0.35 -0.06

STN ALE 0.06 -0.05 1.00 -0.26 0.08

STGOS 0.02 0.35 -0.26 1.00 -0.08

STCERT 0.02 -0.06 0.08 -0.08 1.00

2. Elementary Teachers

ETYFS ETED ETMALE ETGOS ETCERT

ETYPS 1.00 -0.16 0.10 -0.34 -0.04

ETED -0.16 1.00 0.02 0.44 -0.43

ETMALE 0.10 0.02 1.00 -0.25 -0.18

ETGOS -0.34 0.44 -0.26 1.00 -0.34

ETCERT -0.04 -0.43 -0.18 -0.34 1.00

Table 2.4

Correlation Matrix of Income - health Variablos

SMSA Sample

POVTY FROITK ADPC MEDINC VALIPP

IOVTY 1.00 -0.51 0.66 -0.60 -0.41

PROF-1'K -0.51 1.00 -0.53 0.76 0.69

ADPC 0.66 -0.53 1.00 -0.53 -0.56

REDING -0.60 0.76 -0.53 1.00 0.66

VALPRP -0.41 0.69 -0.56 0.66 1.00
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Table 2.6

Correlation Matriccs of Teaclvtr Variables

St,tewide Sample

1. Secondary Teachers

STYPS STED STMALE ST;OS

STYPS 1.00 0.24 -0.07 -0.04

STED 0.24 1.00 -0.25 0.08

STNALE -0.07 -0.25 1.00 -0.05

STWS -0.04 0.08 -0.05 1.00

2. Elementary Teachers

ETYPS ETED ElMAIE ETGOS ETCERT

ETYPS 1.00 -0.20 0.00 -0.32 0.00

ETU) -0.20 1.00 -0.09 0.30 -0.04

ETMALE 0.00 -0.09 1.00 -0.16 -0.04

ETCOS -0.32 0.30 -0.16 1.00 -0.03

ETCERT 0.00 -0.03 -0.04 -0.03 1.00

Tables 2.7

Correlation Matrix of Incoma-Wealth Variables

Statewide Sample
-------------------

PROF1K ADPC NEDINC VALPFP

PRO'7TK 1.00 -0.35 0.80 0.03

ADPC -0.39 1.00 -0.47 0.59

MEDM 0.80 -0.47 1.00 0.04

VAL1RP 0.08 0.59 0.04 1.00
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The simple correlation between ADPC, aid to parents of dependent
children per capita, and ASNW, percent students non-while in the
public schools; is .73; i.e. ADPC accounts for slightly over half the
variance in ASNW. ADPC is meant to be a measure of the general level
of social disintegration in the community. Although ADPC enters with
a positive coefficient in some runs for which ASNW is excluded, it
in no case enters with a positive sign when some measure of blackness
is included. In the statewide sample the correlation between ADPC
and ASNW is lower (.63).

In the statewide sample, ASNW and PDPNW remain closely corre-
lated, but the simple correlation between ASNJ and a dummy for the
city of Boston is reduced to .66. Another w_xiable, dummy for central
city of an SMSA, has only a slight (.24) positive correlation with ASNW.

In conclusion, multicollinearity between pairs of variables does
not entirely prevent identification of the separate effects of race
and poverty in a school system on the teacher supply function. In the
SMSA sample, it makes it extremely difficult to differentiate between
"blackness" and other attributes unique to a central city, but this
problem is somewhat alleviated in the statewide sampl .

A second problem of melticollinearity is the imprecision in point
estimates of the coefficients which results when two highly intercorre-
lated variables are both included in the regression. This problem is
discussed in subsequent chapters, in relation to the specific equa-
tions estimated in which it is significant.

A fuller description of tEe sample, including means, variances
and coefficients of variation of all the variables, and simple corre-
lation coefficients between all the variables is presented in Appendix
I for the interested reader.

In this chapter, a simple model hes been presented to estimate
the factors uhich might cayse different comm,mities to face different
supply prices for public school teachers. Some of the problems,
theoretical and empirical, of applying the model to teachers in the
bosLon n2tropolitan Area and the State of Massachusetts have been
assessed, and the crucial assumptions made by thu author have been
explainel. In chapter 3, estimates of the "quality-supply" function
are presented,
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CHAPTER 3

THE SUPPLY OF TEACHERS IN TUE BOSTON METROPOLITAN

AREA: ESTIMATES OF THE FUNCTION

In this chapter, the hypothesis that different school systems
must pay a different price to obtain public school teachers of equi-
valent qualifications is tested with samples of school system data
from the Boston Metropolitan Area and the State of Massachusetts, and
with a sample of individual teachers placed in schools in the Boston
SMS', by the Tufts University Department of Education. It is shown
below that much evidence exists to confirm the hypothesis of the
existence of a positive discrimination coefficient. School systems
with more black students must pay a higher price, cet. par., for
teachers.

Regression estimates are performed for secondary and elementary
teachers separately. Results using a linear and semi-log form for
the dependent variable, and weighted and simple least-squares regres-
sions arc shown. The independent variables entering into the final
regressions were selected from the list of variables in Tables 2.1
and 2.2 by means of stepwise rei:;ression, using a critical value of
t = 1.7 to eliminate variables.' The actual selection of variables
entering into the final regressions, and some consequences of possible
alternate specifications, are discu,sed in more detail in Appendix II.

The equation estimated is re-written below.

P = F 5, II)

where:
P mean salary of tcachcrs
Q = mean characteristics of teachers in each system
S = socioeconomic characteristics of the system (or town)
= a random disturbance term

(3.1)

A positive cofficient attached to a variable in the Q vector
means that the variable mcasurcs a t1es3.rablo attribute of toachcrs;
sorethiul,': which leads to a hither Lecher Trice. In the linear form,
it represents the ch7111;7,c In uoan sally per unit civ.n3e in the 7:Alan

value of the chlraccel:ittic. If the cl.aractyrislic is roasurcd as
the percent of teachers in a specified category, the cefficieut
measnrcs the increc.se in roan salary per teacher ascciated with a
ore peru!nl cl,o in the pat(ert of tca:L,:rs postess!IT the specified
chanict,:ristic. A po4s.ili...e coefficior, Aiiached to a %;:riahle io the
S victor rcasct.s lire cOditiou.-t1 prLe teacher till: a c(.17.1n5ty



must pay per unit change in the S variable.

Tables 3.1.3.4 give estimates of the final regression equations
for the quality-supply function for secondary teachers in the Boston
SMSA, elementary teachers in the Boston SMSA, secondary teachers in
the statewide sample, and elementary teachers in the statewide sample,
respectively. Tables 3.5-3.8 give estimates of the same equation
using a semilog-form for the e.qiendent variable. Thus, coefficients
in Tables 3.5-3.8 represent percent change in salary associated with
a unit change in the corresponding independent variable.

The following arc some of the results of the regression analysis:
I) The "non-white" coefficient is positive and statistically

significant at the 5 percent level in all regressions.

The point estimates range from $23 to $45 per teacher per addi-
tional percent students non-white for the secondary systems, to an
additional $17 to $22 per percent student non-white for the elemen-
tary systems. That this implies is that a city like Boston, with 10
percent of its students non-white, must pay an additional. $510-$660
per elementary teacher and an additional $690-$1350 per secondary
teacher compared with that it would pay were it an all-white system.
Using the soma line of reasoning, and recalling that the semilog re-
gressions give us the percent increase in teacher salary for a ona
percentage point increase in non-white students, the mean salary for
an elementary teacher in Boston is raised between 9 and 10.3 percent,
and for a secondary teacher between 8.7 and 16.5 percent. Jsing a
crude estimate tliat expendi_turc on teachers.' salaries are approxi-
mately GO pr'rrent of total public school expenditares,2 the esti-
mated "disccmination coefficient" emounts to befween a five and te%
percent "tax" on the public education expenditures of the city of
Boston.

Regression results recorded in Tables 3.]-3.8 also show fina:
regressins with statistically significant tariables. In preliminary
regression,, it was found that adding a duvay variable for the city
of Boston in the Metropolitan area sample made both the coefficient
attached to the non-whitc variable and the coefficient attached to
the dri.:c.v variable smaller thin their respective standard errors.
Each varii,ble by itself had a significantly positive coefficient,
with tin, "n..n-while" variable in all cases bdding more to the regres-
sion Me Appnerx II). The high. collinearity between the two vari-
ables 1--11:cs IL irpossible to determine whether it is "blackness" alone
or sore other characteristic unique to the central city which is res-
ponsihlo for thr higher estimated supply price. In the statewide
ret.ress:e;), two 2ei7,lv variables for cent.ral city were used: one for
ail th: eorltrol cities in the stare, usinz, Census Deartmont classifi-
caf_ien; of sten:lard nArcTolitan OFC;iA: and one for the city of Boston,
to test fey its vIssily Lnirine fealere74 as the thy far) tartest city
in t1,. f.1.1L. the central city dur:'.y is not statistically sisnifi-
C(Mt I,C s,..(taIrry tecelo.rs and in dil Airvle reuession for ele:Aan-
U,ry a1,0 tireA out to 1,.:1 nit)ve in the coishted rcession
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Table 3.1

Quality-Supply Fsti:nates: Secondary Teachers in Boston SMSA

Depenlent Variable: STSAL

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

STEO

STNLE

869.067
,(6.48)

1 '3O
34)

1034.35
(8.20)

18.0573
(3.53)

STYPS .4 -398.167
(3.27)

STGOS 7.35605
(2.18)

(STYPS)
1/2

726.624 3126.02
(9.74) (4.06)

ASNW 26.2712 45.3974
(3.49) (5.96)

ADPC -264.401
(3.47)

NED1NC 0.121390
(3.58)

SSMSAT 2.95537

(2.06)

Constant -4353.87 - 10,355.3

R
2

N

F(6,59)

.6926

=66

81.7018

R
2

=

N =

F(7056) =

.9981

66

4356.24
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Table 3.2

Quality-Supply Estimates: Elementary Teachers in Boston SALSA

Dependent Variable: ETSAL

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

ETED

(ETYPS)
1/2

POPNW

719.988
(8.15)

9;0.214
(11.92)

78.9266
(3.11)

624.128
(6.84)

870.586
(9.50)

.

ASN 22.9319
(4.32)

MEDINC 0.142270 0.182681

(3.85) (3.92.)

VALPRP -0.0600264 -0.0591912
(2.79) (2.28)

POVIY 156.689 152.587
(2.73) (2.43)

(POVM2 -7.81206 -7.58882
(3.13) (2.82)

POPGRO 0.500339

Constant

.(1.92)

-3577.70 -2488.4;

2
R

F(8,57)

N

=

.

.8453

38.9'417

66

R
2

F(7,58) =

=

.9980

4110.88

66

32
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Table 3.3

Quality-Supply Estimates: Secondary Teachers in Ma:,Jachusetts

Dependent Variable: SISAL

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

STYFS -203.570 -351.02
(2.45) (4.39)

STED 425.477 439.965

(5.20) (6.23)

STMLE 7.11099 11.0408
(2.08) (2.73)

(STYPS)
1/2

1922.60 2806.71

(4.02) (5.72)

SMSA 292.929 359.963
(4.74) (6.33)

NEDINC 0.171344 0.172425
(5.97) (4.82)

ASh'W 25.2'195 25.3228
(3.58) (8.51)

Constant = -2103.74 Constant = -3900.03

R
2

= .8216 R
2

= .9967

F(7,129) = Se*.8717 F(8,128) = 4807.26

N = 137 N = 13/
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Table 3.4

Quality-Supply Estimates: Elementary Teachers in Massachusetts

Dependent Variable: ETSAL

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

ETED

(ETYPS)
1/2

432.001
(7.45)

826.434
(15.03)

449.577

(7.77)

798.319
(13.15)

ETCER II -3.63910
(2.04)

MEDINC 0.106327 0.12233
(4.48) (4.33)

SMSA 118.528 242.021

(2.00) (4.23)

CITY -206.996
(2.28)

ASN 23.6907 17.2942

(3.50 (6.46)

IRITAL 8.3922 7.88666

(1.80)

Constant = -3.80287

(1.73)

Constant =, 99.1893

R
2

= .7866 R
2

= .9970

F(7,129) = 67.9113 F(7,129) = 6048.95

N = 137 N = 137

34
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Table 3.5

Quality - Supply Estimates: Secondary Teachers in Boston SMSA

Dependent Variables: Log (STSAL)

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

STED

STNALE

0.0991726
(6.32)

0.00245763
(4.44)

0.122791
(8.02)

0.00229791
(3.70)

S1YPS . . -0.0558543
(3.78)

STGOS 0.000898635
(2.12)

(STY1S)
1/2

0.0951919 0.431381

(10.16) (4.61)

ASNW 0.00304691 0.0055129

(3.23) (5.96)

ADFC -0.00328193
(3.55)

1,ND1NC 0.0000152244
(3.57)

SSNsAT 0.000365362
(2.10)

Constant . 7.44371 Constant = 6.68878

R
2
= .9059 R

2
1.0000

F(6.59) = 94.6434 F(7,58) r. 30L198

N 66 N = 66
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Table 3.6

Quality-Supply Estimates: Elementary Teachers in Boston SMSA

Dependent Variable: Log (ETSAL)

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

VIED 0.0917737
(7.92)

0.077081
(6.62)

(ETYPS)
1/2 0.129759 0.113890

(12.16) (9.66)

POPNW 0.0103592
(3.11)

ASNW 0.00300889
(4.40)

MD1NC 0.0000189181 0.0000236368
(3.90) (3.94)

VAMP -0.00000794202 -0.00000751804
(2.82) (2.2.5)

POV1.Y 0.0205180 0.0205142
!2.72) (2.42)

(POV1Y)2 -0.00103236 -0,00102614
(3.15) (2.97)

POPGRO 0.0000661614
(1.94)

Constant = 7.48879 Constant = 7.64925

R
2

= .8630 R
2

= 1.0000

F(8,57) = 46.8802 F(7,58) = 272412

N 66 N = 66
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Table 3.7

Quality-Supply Estimates: Secondary Teachers in Massachusetts

Dependent Variable: Log (STSAL)

Coefficients (t-values in parenthesis)

Independent
Variable

Ordinary Least
Squares

Weighted Least
Squares

STY PS

SITE)

-0.0323635
(2.95)

0.0545344
(5.06)

-0.0485832
(4.91)

0.0587344
(6.57)

ST ;ALE 0.000848955 0.00143586
(1.89) (2.90)

(STYPS)1/2 0.287199 0.382259
(4.56) (6.30)

SMSA 0.0392653 0.0457445
(4.83) (6.55)

MED/NC 0.0000214065 0.0000204423
(5.66) (5.28)

ASNI1 0.00309009 0.00641352
(3.32) (3,31)

POPNW -0.0104975
(1.76)

Constant = 7.63054 Constant 7.43369

R
2

, .8293 R
2

= 1.0000

F(7,129) 89.5459 F(8,128) = 326,110

N = 137 N 137

37

44



Table 3.8

Quality-Supply Fstimites: Elementary Teachers in Massachusetts

Dependent Variable: ETSAL

Coefficients (t-values in parenthesis)

Independent Ordinary Least Weighted Least

Variable Squares Squares

ETU.?

(ETYPS)
1/2

ETCER

MEDINC

SMA

CITY

ASNW

0.0578723
(7.26)

0.113758
(15.06)

0.0000145327
(4.45)

0.0162873
(2.00)

-0.027062
(2.17)

0.00300284

0.0590421

(7.61)

0.107649
(13.21)

-0.000446181
(1.81)

0.0000167939
(4.43)

0.0308119
(4.02)

0.00220054

IRI1AL

(3.23)

0.00114052
(1.78)

(6.13)

0.00108343
(1.78)

Constant = 7.90306

R
2

= .8000

F(7,129) = 73.7156 F(/,1'9) = 390560

N = 137

Con tr:nt = 7.93102

R
2

= 1.0000

N = .137

38
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for elementary teachers. In general, central cities of a defined
SMSA du not pay a higher price for teachers, all other factors held
con-tent. Because the addition of 02 Boston darwly does not make
the non-white coefficient ins'.gnificant in some of the statewide
regressions, there is evidence that the non-white variable itself is
important independent of the heavy concentration of the state's non-
white population in the city of Boston.

In conclusion, the evidence appears to support the hypothesis that
school systems with more non-whites, cet. par., face a higher Supply
price than other school systems.

ii) There is no evidence that any of the other measures of
unfavorable social conditions, either the percent of families below
the poverty line in the town or the per-capita cost of the aid to
parents of dependent children program, lead, by themselves, to a
higher teacher supply price. In short, there is no evidence found
of a "poverty" discrimination coefficient.3 It should be pointed our
that the coefficient of ADPC, as explained in chapter 2, is probably
biased dewnward. In the absence of more information about teacher
characteristics, it is premature to conclude that there is in fact
no compensating differential that must be paid to teachers in ley
income areas. Yet, it is :evealing that, when both ASNW and ADPC
were tested, ASNW always has a positive coefficient and '.Di'C never
does. ADPC does have a positive sign in sore of the preliminary
regressions when non-white variables are excluded.4

iii) In all the regressions, the coefficients of SlFL and
(STY1'S)3/2 arc large: positive and statistically significant. This
result is easily explained by the fact that teacher salary schedules
are explicitly a function of years of experixrce, in all systems, and
level of teacher education, in most s7stems. In the preliminary re-
gressions: two forces of the experience variable were tested: one linear
and one using 0,e square root. Salary schedules in all the systems
rise with expericnce c.-ith a peak at about 14 years. Since an increase
in ti'e mean teacher experience results in part from an increased
number of teachers with, for exampl e: 30 years of experience rather
than 20, and since increases in experience don't affect individual
salaries past 14 years, it is expected that the mean salary of a
system should rise less than :opertioaally with mean teacher experi-
ence. She quads tic form of the variable was inserted t) capture; this
diminishing nature of the increase: and was found to perform better
than a linear form.

Muen salaries actnall) paid 1,:r t.chool system vary greatly be-
tween tu:as, althoili;h slated salary schodLls ore not that differt.

of th2 variance in v,!an salary C; Vi h accounLed for by the fact
that Lewius. paysn:,,. high mean ;alavicc, t.:nj to hirE, lars,cr fraction
of their teacher staff at the top cim of their salary schedule. In

Table 3.9, it is sh.JYrr that e.-4,,ricr,c, oncl education level alone_

account for approxily CO', of tht %.arianc.c in mean teaeoar salary
for se,ondary teach,:n-s and 75'7, for elccill%ry te=..chcrs.
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Table 3.9

Effect of Experience and Education Alone on Mean Teacher Salary
Dependent Variables: SISAL, ETSAL

Coefficients (t-statistics in parenthesis)

Independent Secondary Elementary

Variable Teachers Teachers

education level 1170.04 771.724
(10.16) (9.09)

(experience)
1/2

708.404 918.703
(8.39) (11.82)

Constant -5813.04 -2407.11

R-Square .8193 .7559

F(2,63) 142.80 ?. 97.5618

Number of observations 66 66

iv) The percent teachers graduated from cut of state is a signi-
ficant variable in the secondary regressions in the Metropolitan Area.
The coefficient is 8.40. This means that a rise of one percent in the
percent of teachers graduated from out of state is associated with an
increase of ;8.60 in the price per teacher: i.e. the extra teacher
from out of state is receiving an additional ;860. (This raises the
average price by one percent of ;840.) Naturally, there is nothing
special about institutions located outside of .!assachusetts, to it is
probable that STCOS is correlated with some other desirable teacher
characteristic. What may be true is that the better and more high-
paying school systems advertise nation,Ade to attract the best possible
teachers, and tho end up with more grad sates of institutions outside
Massachusetts en their teaching staff. STU: ;.s not significant in
the statewide sample, perhaps because the Boston area attracts mere
out-of-state people and possibly because out of state ;.s really
"local" to a school system in Western Massachusetts. Preliminary
experiments shoved no effect of a variable for dereent of teachers
graduated from a public institution vis-a-vis a private institution.
From conversations individuals fea.11lnc with the schools in the
Boston area, the author believes that a statistic on the number of
students graduated from stcte teachers colleges would be negatively
correlated with roan salary.5 Students who attend the state teachers'
reneges in Masfnchusetts have in gcn:ral 'cry low college bc.ord
scores. Yet a variable for pohlic instit.itioas also includes the
University of Mossachus:,Lts whose students are above avet,,.ge for the
state.6 Thus, a gross m:asure of "pnblic" versus "private" institu-
tion graduates in a tcheol system provides very little information.

v) The variable "percort te;Ictlers hs a positive coeffi-
cient for suce(Llay Leathers in h.-Ah tlr. stateido aud Loston.S:.SA
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samples, but is not significantly different from zero for elementary
teachers. A number of possible explanations are consistent with this
result.

a. Secondary School systems discriminate against t.emales by
paying them a lower salary than equally qualified wales. Although
it is not built into the salary schedules explicitly, administrators
may in fact practice discrimination by accepting males with lower
qualifications, for the sane pay. Since females have less other
employment opportunities than males, it is possible for them to
practice this form of discrimination. The lack of evidence for dis-
crimination by sex in elementary schools may indicate that overall
market discrimination is greater against females with more education,
since secondary teachers, on the average, have more years of educa-
tional experience than elementary teachers.7

The school systems themselves may not be the source of marlcet
discrimination. It may just be that for the same price they can hire
more qualified females, because of discrimination against females
elsewhere-: in the labor market.

b. The characteristic "maleness" may have somu positive attri-
bute within some school systems. Perhaps it is considered desirable
for some students, particularly adolescents, to be exposed to male
authority figures in the classroom. Also, male teachers say he better
equipped to handle discipline problems. Since discipline problems are
not likely to be as severe in ele2!,mtory schools, explanation b) is
also consistent with the results.

c. Percent teachers vale may be a proxy for some other variable
which has not been measured, and which is correlated with percent
teachers male bu: not specifically related to an individual/5 sex. It

is passible that males teaching, in the secondary schools are more likely
to be trained specifically for that purpose than fonales, or that males
may have more training in rathematics and science. It hos been sham
that, because of the existence in the secondary schools of e.. single
salary schedule for all subjects, there tones to be a chronic shortc8e
of math and science teachers.8 Thus, many schools rust use as moth and
science teaeheis individuals who have bcca trained in other fields.
It shot:ld be ex;)ected then that schc:As with higher salary levels
would have a greater proportion of their teaching staff with training
in mathematics and science, and specific training to be secondary
teachers. if hoth these characteristics ate positively correlated
with percent teachers male, explanation c) is also consistent with
the results, since ele7,entary tc.7,chets are not tiaincd in specific
subject arcos.

the point estil'at,.,:; of the inciasc in mlen salary range fro;1
S% Lo $19 per or percent .;.,re-,se in perc:nt teachers valc. Thus,
the 1,1,likin for being, a vile rcn:ss from $700 to $1900, according
to 01. point tirate,-

v!idence from the of Tufts teachers, presencd
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contradicts the hypothesis of discrimination against females. After

adjusting fer academic performance, major, and degree, the coeffi-
cient attached to the sex term in a regression of salary on teacher
characteristics and school system characteristics shows no evidence
of a lower salary for female teachers.")

vi) The coefficient attached to median family income is posi-
tive and statistically s4.gnificant in all regressions, except the
weighted regression for secondary teachers in the SMSA. As mentioned
in chapter 2, lITANC is biased upwards and is probably a proxy for
left-out teacher quality measures. It appears that the negative term
associated with ANC, combined with the positive term associated with
SSNSAT, play the same role in the weighted regressions of Tables 3.1
and 3.5 as the MFDINO variable in the other regressions.

vii) The sign of the SMSA coefficient in the statewide regres-
sion reveals that the price of teachers in the Boston SMSA is higher
than the price outside of it. One possible explanation is that the
cost of living is lower outside the Boston SMSA than within it. There-

fore, teachers in Western Massachusetts, though paid a lower nominal
salary are receiving the same real salary. Unfortunately, it is not
possible to test this hypothesis with readily available data. The
BLS regional price index is not published for any SNSA in Massachusetts
except Boston. Nor is census data oa the average rent of housing very
useful, since none of this data adjusts for a standard housing quali.-
ty, Therefore, higher average rents may not reflect a higher cost per
standardized housing unit. Within the SMSA the living cost dif-
ferences are likely to be unimportant, since teachers need not reside
in the tern whore they are erployod. Results from the Tufts sample
show no indication that individuals are willing to accept a lower
price to teach in their hemotoan. Students from lie: Boston area may
prefer to teach within the same region, but there is no evidence that
they prefer the specific town in which they were raised.

viii) Finally, there is little evidence that weighting the
regressions improves the results. Standard errors are not too dif-
ferent in the simple and weighted regressions," The semi-log form
of the equation his a slightly closer fit than the linear form, but
examination of the eoefficientF. show them to he practically the same,
if the absolute change in salary implied by the coefficients of the
linear regression is converted into a percentage change by dividing
by r.,Nin salary (to calculate the percenta,w change at th, mean),
Both sets of rcgreosions are printed mere!y for convenience, not
because the sci-Aloi:, cslirlations contain it:portant additional infor-
mation.

As a further creek on re..;ults ahave, .1. similar quality-
supply function was orLimatcd for individ.aal teachers who were placed
by the Tufts (nivority bsp,-,-.11',nt of Education at schools in the
Boston Yetropoliton 1rea the years 1967 through 1969. The
equation esti;:ated is:

It?
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P = f(T,S,Y,p) (3.2)

where:
P = s-lary paid to individual teachers
T = a vector of characteristics of the individual teacher
S == socieeconomie characteristics of the towns and school systems
Y = ye:-r teacher was placed
p = disturbance term

Salary paid to an individual was obtained from published salary
schedules of the individual towns. For a teacher with a B.A. degree,
salary was taken fo ba a weighted average of the starting and top B.A.
salary for the town; for the teacher with an M.A. degree a weighted
average of the starting and top M.A. salaries. It was assumed that
individuals would rake their location decisions on the basis of both
starting salary, which would be his immediate pay, and top salary,
which he night hope to attain if he received tenure and remained in
the system. It was arbitrarily decided to choose to weight the
starting and top salaries equally. Therefore,

Salary = 1/2 (Stated starting salary + stated top salary)

The sample of individual teachers includes some information not
available in the previous samples. Students' grade point average,
college and/or graduate major, whether or not they majored in educa-
tion, and whether or not the job accepted was in the same town where
the student attended high chool were all available in the Tufts
sample, but not in the Sta.o Dapt, of Education data on Massachusetts
school systems. Further, so. ._ of the students in the sar:ple are

smsler school students did not receive degrees from Tufts Univer
sity. Assurin that Turts University is a relatively superior insti-
tution, evidence cists of the effect of quality of institution
attended on salary.

lhe Boston SMSA and statewide samples ate superior to the Tufts
saiple in two irTortrolt way:,. First, the Tufts sa =)le is only for
first jobs of begiin teachcrs; it gives no indication of a school
system's holding rowel: as indicated by the experience variable in
the other samples. Second, the srcple of teachers placed by Tufts
is probably not a rcpresentative sample of teachers in the Massachu-
setts schools.

Table 3.10 lists the teacher variables used in the Tufts sample.

Table 3.11 E-1103 the regression used to estimate the variable
"vredieted CFA" in Table 3.10.

The variable "year placed" is included to reflect the possibi-
lity of changitv rmukci condidens. All the salary figures are
ba:.ed on data for the year 1 963'69,
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Table 3.10

Teacher Characteristic Variables: Tufts Sample
-_-_-_-_-_-_

Variable Name Variable Description

SALARY Estimate of salary received by individual teacher
(average of town's minimum and maximum salaries
for teachers of given level of eduation). Salary

data used for year 196S -69.

YEAR year in which teacher was placed (67, 68 or 69).

EASTER dummy variable: 1 if teacr:r has MA or master
of education; 0 otherwise.

SPEC durtny variable: 1 if special student (degree not
from Tufts); 0 if received Tufts degree.

EDMAJ dummy variable: 1 for education majors (either
NA or BA); 0 for others.

NIUSCI dummy variable: 1 if math-science major; 0
otherwise.

MEE dummy variable: 1 if took job in hometown; 0

otherwise.

LEVEL dummy variable: 1 if sc.7ondary school teacher;
0 if elepentary school teacher.

SEX dum;7Ly variable: 1 if male; 0 if female.

CPA Student's grade point average.

CPA1 difference between student's grade point average
and predicted grade point average.

CPA2 ratio of student's grade point average to pre-
dicted grade point averaz;e'!.,

predicted g':1,1e point averc, is estirated by a regression of
grad" polo_ avologe on ELMJ Sc O

Table 3.11.



Table 3.11

Regression to Compute the Variable "Predicted CPA"

Dependent Variable: SPA

Coefficients (t-statistics in parenthesis)

Independent Variable

MASTER

SPEC*

EDNAJ

MTHSCI

Coefficient

Constant

It-Square

F(4,202)

Nombcr of Ohservotions

0.650136
(11.79)

0.617034
(7.15)

0.015055
(0.25)

-0.297675
(3.11)

2.76329

.54

59.2"/12

66

aThe special students only attenJed summer school courses.

Thus, their coutsos are not of cor,p3rable. difficAlty to

those tahen by Tufts undergraduates.
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The included "teacher quality" variables now include a measure.
of the teacher's past academic performance adjusted for the curricu-
lum he was in and his major field. Still left-out are measures of a
teacher's innate intelligence and measures of personal factors,
which might be reflected by a rating as a student-teacher.

Separate. regression equations were estimated for elementary and
secondary school teachers, for teachers with BA's and MA's for males
and females, and for the entire sample. The results of all the final
regressions arc printed in Tables 3.12-3.15.

In estimating the regression_ for the Tufts sample, it is found
that the coefficient attached to the non-white student variable
remains positive and statistically significant in all cases. But

multicollinearity between ASMW and the variables iOPNW, CITY and
ADPC is much more serious in the Tufts sample and clouds the inter-
pretation. It is found that the coefficient attached to each of the
above variables, when the other variables are removed from the regres-
sion, is positive. All four variables seem to measure practically
the same thing. (See Appendix II for further discussion of this prob-
lem, along with correlation tables and regression results using alter-
nate specifications.)

The teacher variable previously positive, education level, remains
positive. Salary is higher for starting teachers with MA's than BA's,
as explicitly stated in salary schedules. There is no evidence that
male teachers are paid more. In the one regression in which the sex
variable is significant, and there only weakly (at the 10 percent
level), the coefficient implies that a female teacher receives approei-
notely $97 more than a male. The term SPEC has a ne?,aeive coefficient,
which means that those students who graduate from institutions other
than Tufts receive a lower salary. Since only 24 of the 207 new
teachers in the sample were "special students," the result is impres-
sive; it strengthens the belief that "quality of undergraduate insti-
tution" is important in the administrators' preference functions. It

was somewhat surprising thEA neither the CPA term nor two noesures of
grade point average adjusted foe ,7'njoe and program appeared in any of
the final regressions. Though positive in almost all of the regrs-
sions, the coefficient attached to CPA was not significantly different
from zero.

The comaamity characteristics coefficients were similar to those
previously roasured, except for the positime sign attached to popula-
tion density. It appears that the Tufts graeuates mast be compensated
to teach in school systez.ls located icy somewhat mote densely populated
teens; i.e. they have some preference for the farther -cut suburbs.

reercssions e:era performed using "teacher conlity"
aueributes included in Torte; but left out of the S:ISA and
statcwli'a s., pies as depaLilt variables encl socioeconomic variables
as in,!,ILm:eni variabl:s. socioceeeemic variables are the same
variables used in the estieatien of the .5!7SA and stateide samples.
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Table 3.12

Quality-Supply Estimates: Tufts Teachers (Entire Sample)

Dependent Variable: Salary

Coefficients (t-statistics in parenthesis)

Independent Variable Coefficient

MASTER 433.728
(8.32)

SPEC -176.808
(2.16)

SEX -97.7146
(1.71)

ASM

POPNO

/F,D1NC

POPDEN

ADPC

Constant

F: Squire

Y(8,198)

Nur:'!,cr of O'sorvationf

47

116.735
(6.24)

-145.123
(2.33)

0.169535
(8.17)

0.0386631
(5.13)

-493.228
(5.24)

6060.64

.7096

60.4E81
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Table 3.13

Quality-Supply Estimates: Tufts Teachers

Breakdown by Sex

Dependent Variable: SALARY

Independent
Variable

Coefficients (t-statistics in parenthesis)

Male
Teachers

Female
Teachers

MISTER

SPEC

442.600
(7.61)

-166.065
(1.86)

386.250
(3.11)

go

ASNW 103.821 134.953
(5.47) (4.54)

?DPW -142.853
(2.26)

11,D1NC 0.2453t.S 0.0879654
(8.69) (2.12)

DOPDLN 0.0352078 0.0602891
(4.65) (2.19)

AMC -345.295 -1194.90
(3.52) (4.28)

Constant. 5588.37 6774.31

RSquare .7279 .7273

P(7,150 57.3125

F(6,/42) 18.6735

NmIN:r of 0b:-.crvotion5 158 49

43
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Table 3.14

Quality-Supply Estimates: Tufts Teachers

Breakdown by Level

Dependent Variable: SALARY

Independent
Variable

Coefficients (t- statistics in parenthesis)

Elementary
Teacl,ers

Secondary
Teachers

MASTER 473.290 483.028

(7.42) (6.02)

SPEC . . -230.349
(1.95)

ASNW 79.0072 122.764

(7.67) (3.79)

-195.868
(1.89)

NEDINC 0.200095
(6.91)

0.108098
(2.74)

POP01;N 0.0411811 0.070213
(4.44) (4.12)

ADPC -559.8i7 -951.967
(4.96) (3.51)

CITY 1195.55
(2.47)

Constant = 5562.52 Constant = 6683.40

R
2

. .7040 R
2

=. .7219

F(5,124) . 58.9705 F(8,68) = 22.0659

N = 130 N = 77

19
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Table 3.15

Quality-Supply Estimates: Tufts Teachers

Breakdown by Degree

Dependent Variable: SALARY

Coefficients (t-values in parenthesis)

Independent Variable Tufts BA's Tufts MA's

MTHSCI -177.533
(1.83)

ASNW 94.9979 114.831
(5.19) (4.95)

BOOM . -161.173
(1.94)

MEDINC 0.212312 0.201672
(3.51) (7.03)

P0PD:N 0.0!x.11,214 0.0435713
(3.07) (4.42)

ADPC -710.013 -446.022
(3.37) (3.57)

S1RAV 48.3869 .

(2.27)

Constant = 6318.244705.70 CousLant =

R
2

= .6217 R
2

= .6163

F(6,80)

N =

21.907!:

87

F(5,90) .,,

N =

28.9153

96

Student-te.:cher Ele..-,o ntiry student-teacher latio for

school used fel. tl,ese teachers placcd in cic77,2ntary
schools; s._con..,:t.) st(',:.cnt teacLor-ratio for scLool systoll for
those toaclo_Ts in scco.orhu sci:oo1f:.
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The regressions were performed to gather further evidence concerning
the assumptions made in chapter 2 about the probable bias of the co-
efficients of the socioeconomic variables. The results are shown in
Table 3.1G.

From Table 3.16, it can be seen that GPA1 is positively corre-
lated with incu imu, while SPEC, a negative quality attribute, is
positively correlated with ADPC and stadei.-teachor ratio, and nega-
tively with population density. These results would imply, for the
Boston SMSA regression, er upward bias to the income tern and to
population density, and a downward bias in the estimation of the
coefficient of welfare payments, and s'mdent-teacher ratio. They are
consistent oith our assumptions about the probehle bias of the income
and poverty terms. No evidence is supplied on the bias of the non-
white term,

Table 3.16

Auxiliary Regressions With Loft-Out Quality Variables
Dependent Variables: GPM, SPEC

Coefficients (t-statistics in parenthesis)
Independent Variable GPA1 SIEC

INCOME 0.0000)03737
(1.94)

ADPC 0.0833759
(2.76)

POPDEN . -0.0000109431
(1.80)

ST RAT . 0.0)69015

Constant - 0.973065

R
2

= .0)87

(1.74)

Constant

R2 =

-0.29783

.0527

F(1,205) = 3.89716 F(3,203) 3.76072

N = 207 N = 207

In conclusion, results from r:11 th:e sar.les sulTort the hype-
thcw,is that sclmol systems k:Ith r,lro test pay lorc. for
the tolchol. the results do net imply Glat teochcrs
arc uccossarily Olat..Acr thA ray be doZil:,:d to roan.
Nor ch, thy' tcr.t(lt:; prcclodc., tie possibility thLt there is sere other
50vioccAnc.:71 voriable, hibly correlated with "blacl:ness," wt ich ii
entered into tho re;:-ission sign of the nen-while
coc4Cicint. For ex.17)pli, jw.,:nde deliLvenc'y data, if available,
nip.ht piovide an c(vally cud c...plimacien of coot ,:ifferences. It is
cone: ivai lc ¶1.1.1t. ce.p,:lls.-Jed to touch in
school (hey be greater, and
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that "blackness" is associated in their masons with a higher: crime r-Ite.
The economic effects on the black community, if this belief is widely
held, are the sane regardless of whet-her tle belief is accurate. In

either case, the costs to blacks, anfi to vivItes who live in the same
community with blacks, of an equiv,lent amount of inputs to public
education will be higher than to residents of all-white towns.12

The cost differential estimated is non-trivial, and seems to
amount to beteen five and ten percent of total expeaditeres 1-3r
pupil.



CHAPTER 4

TILE DISTRIBUTION OF TRACKERS BY RACE AND INCOME

CLASS IN THE BOSTON METROPOLITAN AREA

In the previous chapter, evidence was shown, in a study of public
school teachers in the Boston S. M. S. A., that school systems with wore
blacks most pay a higher price for a teacher with the same qualifica-
tions. In this chapter, the implications of that result fer the dis-
tribution of educational benefits will be developed.

There are two important questions to be asked:

i) Row does the distribution of teacher inputs affect the
present and Cuture welfare of students? The answer to this question
is by no means clear, as the research on educational production func-
tions is still preliminary and very udimentary.1 Yet, previously
published reruns do indicate that variation of levels of leacher
inputs within small ranges does have a statistically significant. effect
on measures of student perZoYmance, such as scores on standardized
achievement tests.2 The knowledge and s;:ills acquired in school, in
turn, have teen shown to have a cleat, positive effect on a student's
lifetime incex.c.3

ii) Given the state of our knowledge on the relationship of
teacher inputs to student ('Litpots, how are the inputs di:itributed?
Is there a significant difference betern distribution of expen-
diturer and the distribution of actual inputs? In other words, does
the non-wbite discrimination coefficient measured in chapter 3 cause
an iovorlant chane,c in toe resulting eitribotion of inputs? DJ school
systems with more blacks tend to receive, cot. Far., less teacher
inputs? If so, he.: does this distribution compare with the distribu-
tion of inpals to school districts with more blacks within the city
of Roston? What ace the interatlions between race and in-:or.e. vari-
ables in detetmining the distribution el- inputs? flow arc funds dis-
persed to the lea on S.E.S.A. frcm Fedora] and Slate governrcents
distrib.Jed?

Previous Sleicr. of Fduct i t,:rt 1 Production l'onctions

In the ist 1'0: years, . nu:.1,er of invest.tors have attempted
IQ cctit!te cdficItin,11 fcnccions; i.e. to relate school
inpats to objecLiv f stt(l-.1it 'Cl-aally, these
sla'dies ihvoivu fL:ti

N1: NI)
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where:

Y = some measure of a student's output
X
1
= a vector of background characteris ics of the student and

his family
X
2

v. a vector of teacher input characteristics
X
3
= a vector of other school input characteristics such as books
in library, age of school buildings, science lab facilities,
etc.

The difficulties involved in this kind of procedure have been detailed
fully elsewhere-4 Below, a few brief cosaenrs are made on some of the
problems.

i) It is difficult. to measure many of the "outputs" which schools
arc producing, Some of the outputs which have been used in studies are
reading scores, scores on a nationally administered verbal test, SAT
scores, dropout rates and admission to college (from high school)
and/or to specialized high schools (froin elementary schools). Other
outputs, such as a schcol's contribution to a student's good citizen-
ship, social ability, and feeling of self - esteem; among others, are
unmeasurab/c,5 though they rant: among the more impartant products of
schooling. Fven for those outputs which arc measurable, some studies
show radically different production functions depending on the output,
with even the signs of the input coefficients changIng.6 Therefore,
even if all the outputs could be properly measured, one would have to
weigh their relative importance with weights that are purely arbitral:y.

ii) The function being measured does not really represent a
production function in the sense that it gives the maximom output
atlainaLle fur a given set of inputs, It cannot be asumed that edu-
cators have enough knowledge to combine inputs in the best way, or
that the level of efficiency is the ram. in different schools in a
cross-scction. The estimated production functions ca only ho consi-
dere a relationship between average levels of irpurs and average
levels of outputs. In a way, this is helpful. Since the educators
are not varying tie inputs according to A set maximization formula
(setting marginal product equal to price), the s:ultanecus-ccali000
bias which has been shown to be present in a sifgle-equation estimate
of a production function can perhaps be safely ignored.7

iii) loch of the data hich has been collected for these studies
Is tither inaccurate, or too igeoplete. In particular, data frem the
EEO Survey,8 which has been relied on by rimy investigltors, is sub-
ject to setieus shortcomin,:s.9

iv) IN'hat an educational pcodection ftliction seeks to lac,:.snre it

the "value adled" of educational inputs to t student's perforwheo.
10 thr e:A.ent that 1..::1511) of i :,te-1:nt's initial e;:lo-(m(ntts and out-
of-sch-.01 learninf, dtning the tii-e of his them he is subject to
the sci.,ol iuput.:= .2,1tvA variable dca_s rot properly
m-e;or,, what is bsiuf cantlilaile l,y the SCh001.

Std,ao attitude :. nve irporlaut the !,ro,711...tion

froctio. tl cut v'll bis., citric, (oefficienfa. 'fet,



student attitudes cannot be considered exogenous to the system; they
are obviously affected by past successes or failures on tests. In-

cluding attitude as an exogenous variable, leads to simultaneous-
equations bias. Recent work by Levin in which the production function
was estimated by two-stage least squares shows a considerable improve-
ment over the results obtained by single-equation procedures.1°

vi) Much multicollincarity in the data exists in almost all of
the production function studies, making it difficult to measure the
magnitudes of the separate effects of the various inputs.

Despite the above difficulties, and others, work on educational
production functions has been useful. Thcee brood conclusions emerge
from the studies.

i) Within the current range of variation of school inputs,
equality of educational outputs cannot be reached by compensatory
education programs. Most of the variation in student test scores can
be explained by socioeconomic background variables alone. This does
not imply that there duos not exist some hypothetical level of school
inputs which could raise the averege performance of the ghetto child
to the level of the highest school district in the. nation. It only
means that such a hypothetical level of inputs lies well outside the
range of inputs currently used in any public school system.

ii) Though equalizing school inputs cannot by itself produce
equality of output, school inputs, especially those relating to
teacher quality, do have a significant effect on measured output.
Ihe studies confirm the widosprond belief that teacher quality is
important.

iii) Soso evidence seems to suggest that schools do not select
their teachers efficiently; MPi/Pi = IP./PA, where i,j are teacher
characteristics, and liP and P are the wargtnal coatributions of these
characteristics to student outputs ana teacher salary, respectively."
Further research is desirable on this point, since more detailed and
conclw4ime results could be used to increase the efficiency of re-
source allocation within the s-pools.

Table 4.1 reviuws the explanatory importan:o of teacher input
variables in r.otv of the production function studies. Thu rating
schome used is outlined in the (able. The ratings selected arc all
based on the subjective judgment of this author, Interested readers
should consult the original studios.

All the includoi inpots show som. positive ossocintion with
roasurcs of student_ p:rrom,luce, at in so:-.e of the studies.
It shonIJ be notcri 0.1t Ilia level of a meach.,r's education does not
patio any effect in r.ny sLndy Yhith incloc, deta 1 n leachorsi verbal
ahilily, but der,s appoac in tie ,:xludt verbal ability, If

ability and tho level of ..(1,..cat;on of Leachers are positively
ccirclated, to-,chnr educalion loel as in(10,.,! ii, the SA auo
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statewide samples may serve in part as a proxy for teacher ve.rbal
abflity. Therefore, its distribution among communities has some
meauing as an index of benefits received. The same tray be supposed

for the variable, percent teachers graduated from out of state,
which is shorn in chapter 3 to be positively related to mean teacher
salary.

The_Distribution_of inputs

In this section, the distribution of teacher inputs in the Boston
Metropolitan Area and in the state of Massachusetts is examined.
Three aggregate measures of teacher input are used:

i) Expenditures per pupil. (EXPRST)

Exponditores per pupil is a standard measure of the quantity of
educational input. To the extent that the hypothesis of this essay
is correct, i.e. all school. systws don't face the same supply price
for inputs 4 expenditures per pupil is a poor proxy for teacher input
per pupil.12

ii) Adjusted Secondary Teacher Input Per Student (INPUT)

The variable "INPUT" is calculated as the product of the number
of teachers per student and the hcdonic indo for quality per teacher
for secondary teachers. Secondary school data was used for the hedopic
index rather than elementary Leachers because the Leacher characteris-
tics explain a larger fraction of the variation in salary for secondary
Leachers than for elementary teachers.13 Quality per teacher was cal-
culated by adding the constant term in the quality-supply regression
to a weighted sum of the teacher characteristic variables, where the
weights are the regression coefficients of equation (3.1.). The re-
gressions used were the simple, linear least-squares regression for
the Boston SSA and the statedide sample, respectively. 3;WT is a
good representation of Leacher-input per student only if a) all rele-
vant teacher variables are included in the construeton of the teacher
quality codes, and b) a dollar's worth of expenditures on trip:eying
Leacher quality is considered to be equivalent to a dollar's worth of
expenditoron en increasing teacher quantity. Freya assuming that the
systems know which characteristics are best, and how to weight their
relative impriance, it is only a small stop to rely, for the purpose
of this study, on their judgwont. as to the proper trade-off between
quality and qe.;.:ritily.

Nonethelors, the results ,-;f" this section should be interpreted
with great caution. lei titer asseption a) or b) can be considered to
be pp:t.e.i:litely etwrecl. It in clear that there arc impertaut left-
out variahles in the cinil!ty index, and that school systems do not
necessarily allocate reseurocs efficiently. the material bele:: only
Lolls vs ti Given that solnaol systems in
fact is is A SL.t Of :ChttiW. values to a given bundle of inputs, and
that .c-deterincd Vuodl is m,,ce cxporsiv,. to 142112 t.tc:,s

than
i (.:hors. ilr ':hat minne does the cost difteronce ran;lest

cn
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itself? Do the systems facing 3 higher price tend to pay more than
the other systems and receive the samo bundle, or do they pay the same
and receive less of the standard input bundle? In other words, what
is the effect of the price differential on the distribution of inputs?
The tables printed below are not intended to indicate differences in
the "true" quality of education received by students I!' different

towns. As explained in chapter 3, a measure of the true quality of
education is not provided by the hedonic index, and finding such a.
measure is beyond the scope of this paper.

Equation (4.1) gives the formula for computing the variable INPUT.

INPUT = INDEX/SS1PAT, (4.1)

where:

INDEX = -4353.97 = (809.067) x (S'IND)

+ (19.1230) x (S'I'MILE) i (726.624) x (STVPS)
1/2

+ (7.35605) X (SEGOS), for S.M,S.A. sample. (4.1a)

- -2103.74

- (203.510) x (STYPE) + (425.477) x (SLED)

A- (7.11099) x (Si ALE)-1- (1922.60) x (STITS)
1/2

for statewide sample. (4.1b)

Two sets of regressions aro perforned. In the first set, input
measures ale used as the dependent variables, awl race, income level,
and other socioeconomic indicators thought to affect the distribution
of inputs as the independent variables. Ihese regressions indicate
to what extent percent students non -while is a deteiminant of the
amount of teacher input a school systen receives, niter all other
determinants of the level of input have been accounted for. Vari-

ables used in the first set of regressions are listed in table 4.2.

]n the second sot of regressions, two-varirole relationships
between input measures and income alone., and between input measures
and race alone are tested. Since hlachs resided in poorer coe.-,-)1-
ties, school systems with hic,h properLions of blast: students may
receive less inputs per student, even if there is no (liscrinlnition.
Similatly, the absence of discriminatian as d,fiucd in chal.tor 1 does
not irply that the poorer cor7annities receive .h,2 same input peer

student.

Each set of regressi.:,:: re performed both for the SNSA and the
statewide sra:plts, dap-all, ': variable, i) both vIcasures of
op:retate input, ii) each j iii) firures on stale
aid per copita ro(1 feLLral lid per cApitl as thc d, nOonl vatiahlos.
lah)0F 4.3 reiT,2Esion for the vontos
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Table 4.3

Distribution :)f Inputs

Tr pendant Variable: EXFRST

in parenthesis)
Statewide Sample

0.0304061

Coefficients
Independont Variable

(t-statistics
SSA Sample

0.04479VEDINC
(8.81) (4.90)

TAXSTD 4.60, 4.95970
(5.34) (8.14)

PROFIK. 4.14657
(2.82)

ASNW 12.884 4.11944
(4.23) (3.32)

CITY -234.553
(2.36)

Constant = 193.326 Constant m 232.798

R2 .7449 R2 = .7043

F(4,61) m 44.5236 F(4,132) m 78.5057

N = 66 N = 137

Table 4.4

Distribution of input*
Dependent V= 'able: 1N1VT

Coefficients
Ineopendent Variable

MED1NC

;t-sto isticL in parenthesis)
SMSA Sample Statewide Sample

0.004'247700.0169127

(6.3)) (1.30)
PROYTK 2.05312

(2.65)
TAXSID 1.44875 1.10187

(3.19) (3.43)
AS NW 3.80337 3.33343

(2.37) (2.0')
CI1Y -66.9414

(1.20

Constant - 145.962~ Constant = 19f.-436
R2 =< .5594 R2 - .3678

Y(4,61) - 19.3679 F(4,132) = 19.7026
N t 66 N = 137

Indeponzi:nt variallles in Tab1.1 4.4 vcre chcFen to bc. ow
n T11,1 o 4.3 for ,so of conpc.riFTI.

62

69



of aggregate input. Tables 4.5-4.9 show the distribution for the
individual mansures of input. Tables 4.30 and 4.11 show the pattern
of distribution of state and federal assistance.

It should be pointed out that the distribution regressions
cannot be interpreted as either 0,.!maud or supply equations. The
distribution will be affected both by commnity taste for education
and ability ,o pay for education (demand), by the cost differences
among coaciunities (supply), and by the amount of outside financial
assistance. The latter, of course, depends directly on characteris-
tics of the conToinity and on the community's own tax effort for
education.

Variables entering the final equations were selected by stepwise
regression, except in tree equation for the index of input per student.
In that equation, for purposes cf corparison, the sanic independent
variables were ur.ed as in the equation explaining the distribution
of expenditures.

Table 4.12 gives the correlation matrix of all the independent
variables tested for both samples.

Some of the major implications of the distribution regressions
are the following:

1) School syster:: with more non-white students appea- to
receive more inputs than other systems, after taking inco account
the effects of all Min.- significant ,!ariables,14 whether we use
apgrogate expenditures or teachers p'er student, adjusted by the
hcdonic quality index, -w a measure of input. Do these systP.ms
receive their money's worth from expenditures on education? One in-
dication that they don't. is the results of tic quality-supply regres-
sions in chapter 3; i.e. the positive sign attached to the uon-hitta
coefficient. For further evidence, compare the coefficients attached
to ASI;ll in Tablos 4.3 and 4.4. )t can be seen by coLiputing the per-
centage change of EXPRST .11,1 INPUT, with respect to a unit percentage
change in ASNO, using as the dnoilinator the roan values of EXPRST
and Illlt6 respectively, that changes in the percent of students non-
white have a bigur effect on exponditures than on the i.ndex of real
input received. For the SiiSA sample, a 1 percent increase in ASN'
raises EXIIST by 1.9 percent , ard INPU; by 0.7 percent. For tha
statewide sample, a 1 percent increase in AS-i4 is associated with a
0.6 percent increase in FXYRSf end in 0.4 percent increase in INPUr.
Apparently, the additional expanditmres of school systems with more
non -whi tes does not result in an equal addition to the m:_1.7.ure of
teacher inpotr

the positive sign attached to the coufficient of AS;;i/ in Table
4.4 doos not no...r.sni;ly tbi e.trierts rcceive a higher
quality of oddc.Ilion Cill in sit-ilar oeoicmie cirLomstances.
"Left- out" :7:s0.1,Ar,?5 of teacher rly be distributed dispropr-
tionately in two: of wliitt schor,1 Macbs a ;were
systkm liuts tie ty:;lt.i10 o
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TLble 4.5

Distribution of inputs

Dapendent Variable: STED

Coefficients (t-statistics in pzrent)iesis)

Independent Variable SNSA Sample Statewide Semple

1,MDINC 0.000141959 0.000203560
(4.17) (9.51)

TAXCAP 0.0000527497 . . . .

(2.3'A)

DDITEN 0.0000345154 0.0000337000
(4.52) (4.50)

Constant = 8.44121 Constant = 8.34783

R
2

= .5167 R = .4445

F(3,62) = 22.0905 l.'(2,134) = 53.6228

N = 66 N = 137

Table 4.6

Distribution or Ilputs

Dzperdent Variab3c: STYPS

Coefficients (t-staListirs fn parenthes,i0
Wdep:odent Variable SA Sam,)le Stated dc Sample-_-_____ ----_-__
STDPOP -.1754c:4 -.125)18

(5.94) (7.22)
PROFTK 0.147449 0.1424'41

(3.39) (3.65)
P011.)N 0.00014'436 0.000234820

(2.04) (3.54)
ASNW . . 0.186339

(3.13)
BOSTON . -6.61099

(2.69)
SNSA . . -0.864616

(1.84)

fc.
Ft2 = .5281

38.1509 1(6,130) 26.2414
N . 66 N = 337
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Table 4.7

Distribution of inpuis

kdeponclent
MING

Dependent Variable: SailkLE

par,:ntbesIs)

-0.00217883

Coefficicn_ts (t-stat.stacs In

-0.00209032
(3.38) (3.71)

CITY -4.16041
(1.85)

SN3A -3,73209
(2.50)

Constant = b2.4438 Constant = 68./668
R2 = .15)2 R4 = .2199

F(1,64) = :).3984 F(3,133) = 12.4952

N = 66 N = 137

Table 4.8

Distribution of Inplits

Indoponcknt
TAXCAP

Dependent Variabl...-.; SWOS_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

Coal fi cient (t- ta I is Li ca in N.) t.ach,:si8)
SNSA__Saule

6.8ibT975-

G .90)
1.02345 0.8R2350

(4.80) (4.20)
ADPC -4.98503

(2.51)
SniA -7.933)9

Y+.16)

it2 = .48:5 By = .2467

F(2,63) = 29.2553 F(3,133) ~ 14.5)84
N ~ 66 = 137

Table 4.9
Distribution of lopels

11.-1r2ndent Variable: S1S::\T _
Coal ficiontF: (t-stltifAlcs pinuntLesis)

IndepoAnknt_ Ste _Sitryl.C1

]Rot 0.00050262 0.0003Q7808
(6.8ti) (5.88)

POPP".i; -0.00000340779
(3.33)

Constant =. C.03'45947 Constant ^ 0.0191858
R2 = .4230 R2 - .200'4

Y(1,(M Y.).913b F(2,13';) - 23.589:71

N ^ 60 N ~ 131
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Table 4.10

Distribution of Inputs

Dependent Varielile. STAID

Coefficierlts

Indepandent. variable

(t-statistics in parenthesis)
SNSA Sample Statewide Sample

MED1Ye 0.004408 0.00301330
(2.40) (2.03)

TAXSTD -2.3238 -2.29615

(7.83) (8.98)

SIDPOP -0.556512
(3.13)

ASNU 1.47136 . .

(2.51)

Constant = 110.887 Constant 142.845
R2 = .5042 R2 = .3900

F(3,62) = 21.0169 F(3,I33) = 28.3452
N = 66 ... 137

Table 4.11

Distribution of Inputs

Dapondont Va-fiabl e: FEDAID

Coefficieljs
lndepondont Variable

(t-rtotistics in parenthesis)
SNSA Samp/e Stittewide Sample

--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___

TAXCAP . -12.0893
(6.96)

TAXSTD 3.90467
(7.20)

STDPOF . . . 285.250
(9.36)

ASNV 1,8883 2.30126
(4.92) (4.58)

CITY 21.8031
(3.14)

Constant = 20.9905 Constant -78.3547

R
2

.2/42 R
2

.5471

F(1,64) = 24 1808 F(5,131) = 31.6541

N = 66 N 137
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even within the same school. Our evidence, however, gives no indica-
tion that blacks receive less of the observed input bundle than whites
living in communities with similar characteristics.

Looking at the specific inputs, the only individual input for
which there is any evidence of distribution in favor of blacks is
teacher exoerience. There is no evidence that communities with more
non-white students have teachers of a higher education level or a
swallor student-teacher ratio.

2) The ccaffieients attached to the median income and tax base
terms appear as positive in practically all the regressions. Of the
two measures of taxable capacity, value of property per student per-
forms better in the regressions than value of property per capita.
In an earlier version of this paper, most input measures declined as
the percentage of the population of student age increased. The effect

of the ratio of public school students to the total population, inter-
preted previously as a financial constraint variable, wcs eliminated
in most cases when tha variable TAXS1D was used as a measure of a
cormienity's capacity to pay for schools, in place of TAXCAP.

3) PROFTK and 1OPDEN arc bath important variables affecting the
distribution of inputs. In most cases, coumunities with greater popu-
lation density and with a higher fraction of the population employed
classified as professional, technical, and kindred, receive ore
teacher inputs in public school:. It seems reasonable to consider
PROFTK and POITEN as taste variables affecting demand, since neither
one appears as significant in the clo:_ity-supply regressions. Towns
with mare professionally educated p:ople in 'articular, seem to
prefer smaller class sites and more teachers with degrees from outside
1 fassachusetts.15 Tho latter is the only variable, aSfee from STMALE,
which is pasiLively reletcd to mean teacher salary and is not ex-
plicitly included in the salary schedules. The distribution of the
variable STMALE is the one least. well explained by community chara-
teristics. It appears that. low invms com-rnoities receive more male
teachers.

4) Both Slato and Federal Aid paywents arc greater to schoA
systems whit rove non-vhitcs, after adjusting for the influence of
other variables. The premium pail to communities with non - while
students by the Federal govcrnment is greater than that paid by the
state government. Tvo components of the sign of the non-white coeffi-
cient in the FEDAID regtession are i) programs aired specifically at
inner. -city schools, and ii) the l-TJCO pro..pan, in which some of the
suburban school systems participte. Tuition and busing costs for
students in the MUCO program eve ficnced by the U. S. Office of
Education and the Carnegie Corporation. ruco exists specifically
for nun-white. inner-city residents; white Boston patents were retuned
potnission by rEico officials to sctul their children to suburban
public sch 4s.16

It is difficult to ex:dain the coefficient of STOWE in the
HOMO rtf,esion. One eontributio6 factor is t1 ?. bunlug progroi-,
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which raisos STEIIOP and fEDAID in the receiving communities, but there

may he ether explanations.

There is no evidence that FEDAID is distributed in favor of low-
incon:1 communities per se.

The distribution of STAID is determined, with sore adjustments,
qualificatios and limitations, by the f.ormula17;

0
E (17.65 MYSTD (local)
TAXS10(average for state)

where:

S = stale aid
E = the law's reimbursable expenditures

(4.2)

Teachers' salaries: are included among reitkursEble expenditures.

Equation (4.2), the stated poliey. of Massachusetts, explains the
negative sign of the TAXSTD sign in Table 4.10. After adjusting for
financial ability, more stale aid goes to those towns with higher median
income, perhaps because the expenditures of a town relative to its
tax has rise as its inccoue rises. Perhaps greater effort is also the
explanation for the positive coefficient attached to the non-white
term in the SNSA regression.

Both the U. S. Government and the state of Massachusetts, in the
direction if not the intent of their aid programs, act to covunsate
the von-hite cownities for the disadvantage of facing a higher
supply price for educational inputs. Given the incompleteness of our
quality measures, the author believes it would ba pointless to ettemot
to estimate whothor or not the aid programs fully cotapensate the black
corasinity for the losses suffered from market discrimination.

In studying the distribution of inputs, it is worth knowing, not
only whether non-while and low-income co7miunities receive less inputs
than one would predict from other commonity characteristics, but
whether they actually, in a gloss sense, receive less inputs. Table
4.13 shows the simple correlation of the input measures with income.
and percent students non- hite for both the Boston SNSA and the state-
wide samples.

The results show that the n:l-white variable is not positively
correlated with ary of the aggregate measures of inputs at a level
significantly different from Earn. it is positively correlated with
two inputs: school systems with more non- whites tend to have a more
experienced teaching staff, end tend to receive wore federal aid per
student. the aggregate V.i'rtiOVOS of input, and all of the individual
input components e:xeps leacher e...:11,?rience and percent: teachers male,

arc positively corrolated with the town's madien income, while federal
aid scums to be to semr,., cxtent redistributive. From Table 4 '1 and
from the nets tine simple correlation !:etweon percent students non-
white and median inremo Iisfed in 7,ble h.12, it can be seen that

?0



Table 4.13

Simple Correlations Between Input Measures,
Racial Composition, and Community Income

SMSA Sample Statewide Sample

Input Measure MDINC AMI MEDINC ASNW

EXPRST .65** .20 .67** .11

INPUT .61** .13 .22** .22**

STED .59* .09 .60* .08

STYPS -.05 .32** --,01 .26**

STMALE -.39** .11 -.41** .11

STC°S .56** -.20 .28** -.10

STSRAT .55.:,* .03 .37'k* .03

STAID -.02 .17 -.09 .01

FEDAID -.15 .52** -.17** .48**

**
Statistically significant at 5 percent level

Federal Aid is redistributive. only towards those low income communi
ties with substantial numbers of blacks in the public schools.

Little evidence is available on the distribution of inputs
within a school systt_.a. Katzman's study of the distribution of
educational inputs among elementary schools within the city of Fos ton
concludas that the distribution slightly favors white and upper-income
school districts. Re attributes these inequities to teacher choice
(given seniority rights, etc.) within the context of a singlesalary
schedule rather than to the conspiracy theory that the administra-
tors' decisions deliberately favor rich whites." It appears from
a rough comparison of our results with Katzman's that blacks fare
better in the between systen distribution of inputs than in the dis-
tribution within the central city.19

In conclusion, no evidence has been found that school systems
with more non-whites receive less teacher inputs per student than
other systems." it has been shown, though, that the systems with
more non-whiles must spend more to receive the same measure of input.
Income and tax base per student of a cmtv.mnity are the tost important
determinants of the amount of teacher input a town receives, as we))
as the level of expandituces. Federal and state aid is more re-dis-
tributive to school systems with many blacks than to low income
communities in general, especially federal ad.

71,

78



CHAPTER 5

CONCLUSIONS AND POSSIBLE W.ILICZ1

In this essay, mechanisms by which discc:,ilation in the alloca-
tion of educational resources can occur have: born discussed. Defining
discrimination to occur when a reallocation of resources to black and
low-income ccomulities would improve economic -Ojecncy, it has been
shown that discrimination COP occur within a select. system through
administrative misallocation and between, schn,:,1 s;ostcms if suppliers
of educational services must be given extra cuo,:,,nssLion to work in
black or lo-income corrnunities. The latter which xos2mbles
Beck(_,r's theory of discriminalion,1 woo tested using data on public
school teachers in Massachusetts. It was found that substantial evi-
dence exists to confirm the hypothesis that s,_hool systems with a
1 rge percentage of non-hite students face a higher supply price for
an equivalently qualified teacher. Ni evidence was found to confirm,
the hypothesis that communities with a laree incidence of poverty
and high welfare paywonts under the aid to families with dependent
children prgrall most pay a higher price for teachers, when the effects
of rare differences arc held constant. Since the estimation procedure
tends to impart a downward bias to the coefficients of both poverty
and race, it is not certain that incidence of poverty has no effect:
on the supply price.

The finding of a discrimination coefficient does not imply that
racial prejudice at'ng 1,ublic school teachers is wideTreed. The
compensvting differential ray exist Lecause percent students non-wlite
is correlated with undesirable corunity characteristics, such as
incidence of crime, for which we have been unable to obleln data, or
because public school teachers erroaeonsly believe there it such a
correlation. From the econmJ.c viewpoint of th2 Neck coTI:wnity, the
effect of the find;ngs of a higher supply price is the same, regard-
less of the underlying cause. D. is also possible that the racial
coefficient is really a "central-city" coefficient, although the
inconclusive evidance available appears to support the "racial" inter-
pretation.

The finding that some school systems need to pay a higher price
for teachers of given characteristics is only important Insofar as
those characteristits themselves have some meaning as a Tlensure of the
quality of education received by students. Previous work on educa-
tional production functions provides indications that the input r,asures
used in this study arc indeed of soto irportence, although many other
important inputs are left-e-t.
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School systems with more non-white students do not receive less
of the pleasured inputs then other systems, and receiNe more, if income,
population density and tax base are held constant. It appears that
inequality of inputs by race is greater within the city of. Boston than
between towns and cities in the Metropolitan Area. Ho,ever, relative
expenditures per studevt, for communities with more non-whites, is
even greater than relative input ter student. The latter finding
further concerns the hypothesis that school systems wi:h more blacks
must spend more to receive the same educational inputs.

Since many important inputs are left-out, and since we are only
observing average values for entire school systems, the above findings
on tie distribution of inputs do not imply that black students receive
more educational inputs than whites.

State and Federal Aid are much more teeistributive by race than
by income. In particular, Federal assistance is more redistributive
by race than state aid, and ie not at all redistributive in felor of
low income communities, when the racial variable is held constant.
The pattern of outside assistance, especially federal, can be justi-
fied as compensation to blacks, and to whites living in towns with
leee numbers of blacks, for the additional costs imposed on them by
oiscrimination in ,he market for educational services. It not
suggested bore either that the magnitude of compensation is coireet,
or that Federal policies have been formulated with this kind of com-
pensation in mind.

Much further research is necessary to validity: the tentative
findings suggosted by this paper. A Cioroueh survey of teachers in
Boston, or another metropolitan urea, which gave more complete infor-
mation on teacher attributes, studenc characteristics, and personal
factors influencing a teacher's location decisions would make the
estiwated regression coefficients, using the same model, much more
meaningful. It would also be useful to perform ti,e study in a metro-
politan area which I) contains more blacks as a percent of the total
population, and ii) a larger fraction of blacks oetsidc the central
city.

It is hazardous to venture to make policy suggestions from a
study as tentative as this cue. The author only wishes to point out
two possible irplicationa: 1) that school systeErs undortiAiug
decentralization plans, which m.ty be desirable on other grouuds,
take into accoent the increased supply price which my c freed by
all-black systems, and 2) that federnl, state, end local governments,
in ferrlating afcl policies, be coilzoat of the possibility that
school systIr rorc non-w:Iitcr ray find it costs zoic to pr,-,vidc
the snmc (jollity of educational
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31. Ina net sense, including the nen-pecuniary "gain" from dis-
crimination, whites of course must gain. The question is whether
the teachers' loss, in mopc.tary ince:a? exceeds the students' gains
In quality of edet-:tion.

clia.pter 2.

1. For a fuller ,:,xpla.)1t;o,l, Irwrence R. Klein: An Introduc-
tion, to Eccporntri; (Enlowood Cliffs, N.J., Prentice-Hall, 1962).

7. Ed; -:Ird S. 11ps, "111,-, New Microecelmics in Em;,loyr?nt and
Inflation Ihcory" in lholp.: et al. r:Icrceconmic Youndations yf
1'.1101,ent and Lnflaticn 11:cory_ (Nrw York. 1!. V. Noiton E, Co., 1910).
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3. hedonic indexes have also been used in studies of the market for
automobiles and housing. See Zvi Griliches, "Redonic Price
Indexes for Autcmobiles: An Econometric Analysis of Quality Change,"
in Arnold Zenner, ed., Readiness in Economic Statistics and
Econometrics (Boston, Little, Broon b. Co., 1963) and Jerome
Rothenberg, "A Dynamic Nodal of the Metropolitan Area Housing
Market" (unpublished).

4. the most important results of those studies are reviewed in
chapter 4.

5. If there is efficient allocation of resources internally, then
1TF./P.=1T-/P41 vheretH'the marginal contribution to a

J
student's test score of the ith teacher characteristic, and Pi
the partial contribution to teacher's salary of the ith charac-
teristic. It has been shown that MP/P is much greater for
teacher verbal score than for teacher experience. Sec Henry
Levin) "A Cost-Effectiveness Analysis of Teacher Selection,"
Journal, of liumarl resources, Winter 1970

6. Data on teacher salaries and teacher characteristics in Massa-
chusetts, for individual school systems, vas supplied to the
author by the Massachusetts State Department of Education Research
Center.

7. See J. Johnson, Econometric Methods (New York, McGraw-Dill,
1965).

8. For a full discussion of the problem of mis-specification re-
sulting from left-out variables and derivation of the relevant
formulas, see Zvi Griliches, "Specification Bias in Estimates
of Production Functions," Journal of Farm Economics, February
1957.

9. The Association or School College and University Staffing
published an annual booklet on teachins opportunities, in which
seine school systems advertise. The only school systems. in the
Boston Metropolitan Area to advertise in this source were Ncwtou
and Wayland, both upper-incore suburbs. The above says nothing
about possible cmmunication throcgh other media or contacts.
See yeaehine p21 ortunities For you (hershey, Pa., ASCUS Coaui-
cation and Services Center Inc., 1969).

10. henry Levin, .Rectoiting 'yeachers For Lar.ge City Schools
(brookings mimeo, 1968, to be published by Charles E. Merrill).

11. See J. Johnston, clp. cit., pp. 207-211, for a discussion of the
problem of hoteroscodasticity.

12. A justiNsatien for the assumption thus veriance is proportional
to 1/N is pri_sonled in Api-,:ndix 1.
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13. Massachusetts Department of Condaerce and Development, Town
Monographs, published annually. Much of the included data is
from the U.S. Census.

14. Massachusetts Department of Welfare, Aid to Families With
Ducandent Children. in Massachusetts, 1968.

15. Boston Jafe Deposit Company, Financial Statistics of
Massachusetts 1968.

16. Data for the CoramLini survey was supplied by the Massachusetts
Council on Nigher Education.

17. 'Aar example, Boston is not the most densely populated town
in the SMSA, trailing both Cambridge and Somerville. See Town

Monographs.

18. Means and variances of variables used in the study are shown in
Appendix I.

19. The initials METCO stand for Metropolitan Council for Educa-
tional. Opportunity. For a history of tho METCO program, see
Peter Schrag, Village School Downtown (Boston, Beacon Press,
1967).

Cha pter

1. Because of the possibility of specification bias, a smaller cri-
tical t-value was used than is custor,,ary: to minimize the proba-
biL.ty of rejecting a veciable whose coefficient is biased down-
ward. This increases the possibility of accepting a false
hypothesis. It can he seen from the results that the t-statistic
exceeds 2 in almost all cases in which a variable is included.

2. In 1968-69 total expenditures for public education were
$949,333,000 of which $575,433,000 were listed under instruction
costs. See Division of. Research and Development, Massachusetts
Department of Education, Facts About Education An Massachusetts
(Buren of Public Inform,;tion, Mass. Department of Education,
publication No. 272).

3. A poverty "discrimination coefficient" would be defined to mean
that l'w income individuals would have to pay a higher price for
the same quality service than those of middle and upper incomes.
In Tables 3.2 and 3.6, the coefficient of IOV1Y is positive only
because of the inclusion of the term (DOVtY)2, which has a nega-
tive coefficient. When either POVIY )r (IDVIY)2 alone is used,
the coefficient is negative.

4. See Appendix Ii.
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5. This point has been suggested to me by Arthur J. Corazzini,
Leila Sussman, and Burleigh Wellington, director of Tufts
teacher placement service.

6. Data on SAT scores of entering college freshman were supplied
to Dr. Arthur Corazzini by the Massachusetts Council on Higher
Education.

7. Mean highest level of educational attainment on the Massachusetts
Department of Education rating code is 9.71 for all secondary
teachers in Massachusetts, 9.29 for elem,:ntary teachers. "9" is

a bachelor's degree; "10" is a bachelor's degree plus 30 hours
or more; "11" a master's degree.

8. Henry Levin, Recruiting Teachers for Larac City Schools
(Brookings mimeo, 1968).

9. The $700 to $1900 figure was derived using the same reasoning
as that explained for the interpretation of the coefficient of
STGOS, above.

10. The premium paid to a female was found statistically significant
at the 10 percent level in only one of five possible regressions,
and in that regression was estimated to be $97.

11. Possible reasons for this are discussed in Appendix I.

12. Fear of crime, whether or not justified by the facts, appears
to explain other forms of market discrimination, also. A recent
article in a local paper documents the fact that taxi drivers
refuse to pick up blacks and refuse to drive to the black sections
of Boston through interviews with the drivers themselves. Most
say that the prospective fare doesn't compensate for the fear of
attack. See Paul Scanlan, "Why Cabbies Won't Pick Up Blacks,"
Boston After park, November 10, 1970.

From the standpoint of the black wishing to use a cab, the
question of whether or not the erivers' beliefs are "incorrect"
is irrelevant. The market conseqtence is the same.

Chapter 4

1. For a good review of the state of research as of the sumwr of
1968, see Saouel Bowles, "Tcoords An Educational Production
Function," (National Furcau of Economic Research, mimeo, 1968).

2, Sce Ibid. Also, see Samuel Bowles and Henry Levin, "More On
MolticoAihearity and the Effectiveness of Schools," Journal of
Human Resources, Sir.or 1963; also, "The Nqcrminalits of Scholas-
tic Achievement - An Appraisal of Sore Recent. Evidence," Journal
of human Rsources, Winter 1963; Jesse Borkhead, Thor7as Fox,
and John W. Polls 1, Input any{ ptAlmq in Large Citv Schools
(Syracuse Uulvcraity l'cess, 190); JA'0,1S S. Coleman et pl.,
ntoLlity of Educational OirortuniAl (*...shington. D.C., U. S.
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Government Printing Office, 1966); Eric Hanushek, 'Ti e Education
of Negroes and Whites," unpublished doctoral dissertation,
Massachusetts Institute of Technology; John F. Kain and Eric
Hanushek, On the Value of Equality of Educational Opportunity As
A Guide to Public yolioy, Program on Regional and Urban Economics,
Discussion Paper No. 36, Harvard University, Nay 1968; Martin T.
Katzman, "Production and Distribution In a Big City School System,"
Yale Economic Essays, Spring 1968; Herbert J. Ktesliug, "Measuring
a Loccl Government Servicef A Study of School Districts in New
York State," Review of Economics and Statistics, August 1.967.

3. See W. L. ?ansen, B. A. Weisbrod, and W. J. Scanlon, "Schooling
and Earnings of Low Achievers," American ECOMMiC Review, June
1970.

4. Samuel Bowles, 22. cit.

5. In some cases, such inputs have been measured. Bowles uses a

measure of a student's control over his environment. See ibid.

6. See Katzman, op. cit.

7. For a discussion of simultaneous-equations bias in estimating
production functions, see Zvi Griliches, "Specification Bias in
Estimates of Production Functions," Journal of Earn Economics,
1957.

8. James S. Coleman et al., op. cit. Bowles, Levin and Vanushek
have used EEO data in their studies.

9. For criicisrs of the EEO Survey, see Bowles and Levin, op. cit.,
and Ilanushek and Kain, op. cit.

10. Henry Levin, "A New Model of School Effectiveness," unpublished,
1970.

11. Henry Levin, "A Cost-Effectiveness Analysis of Teacher Analysis
of Teacher Selection," Journal of Human Resources, Winter 1970

12. Martin T. Katzman, op. cit.

13. See chapter 3.

14. 7h15 does not imply that school systems with more non-whites
actually receive more inputs than other systems, since pe-:cent
students non -white is negatively Correlated with the median
income or the town.

15. See Tables 4.8 and 4.9. POYMN uceld be a "taste" variable if
people who choose to rosido in more densely populated
tics also place a higher value on public education.

16. Petr Sehrag, VillLgc Sche,o,1 1).,yutcwn (Boston. r:cacou Press,

1967).

SO

87



17. The school aid formula, including the basic formula of equation
(4.2) along with limitations, vas supplied to the author by the
Massachusetts State Department of Education Research Center.

18. Martin T. Katzman, 22. cit.

19. Katzman's inputs include measures of :.lass size, percent teachers
permanent, percent teachers with M.A. degree, and teacher experi-
ence. Thus, his input measures are similar to the ones used in
this essay, both in terms of what is included, and in terms of the
exclusion of variables such as teacher verbal score and quality of
institution from which the teacher received a degree.

20. This statement is not equivalent to saying that individual black
students receive the same teacher input as individual. whites.

Chapter 5

1. Cary S. Recker, The Economics of. Discrimination (Chicago, Uni-
versity of Chicago Press, 1957).

Appendix I

1. In writing this section I have relied heavily on Zvi Criliches'
unpublished lecture notes. For other sources on weighted re-
gressions see J. Johnston, Econometric Methods (New York, McGraw-
Hill 1965), and N. R. Draper and H. Smith, Applied Ruression
Analysis (New York, John Wiley & Sons, 1966).

Appendix II

1. For a discussion of variable selection procedures, see N. R.
Draper and H. Smith, op. cit.
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APPLNDIX I

A. Ileteroscedastieity and Ntlighted Repressions
1

In ordinary multiple regressions, the estimator b = On°
-1

X'Y
is best linear unbiased under the assumptions that 1) the disturb-
ance terms are uncorrelated with the independanl: variables (Xp=0),
and 2) the disturbances are of constant variance for all observa-

2
tions and are uncorrelated with each other (p.pj = 0, ifj, piprcr
for i=j). 'Ile latter statement is equivalent to saying that the
variance-covariance matrix of the residuals can be written:

V = cr
2
I, where T. is the identity matrix.

If in fact V = 0'
2
1, the estimator b, though still unbiased is

no longer efficient, and the estimate of the variance-covariance
matrix of the coefficients is biased. A best linear-unbiased esti-
mator would then be given by the generalized least-squares estimator:

b* = (X'V
-1X)XIV -3

y

where V is the variance-covariance m"t ix of the residuals. It is
possible to ose a simple least squares regression program to estimate
b*, by transforming the original least square model, Y = XB + p,
into o.te for which the standard least-squares ,sssuption about the
variarca-covariance h3lds again. Since V is positive--
definite matrix, there c; is a matrix H such that

10.71C = I and 11' II = V
-1

.

Then, by transforming the original model ty prewoltiplying all
variables by H, we have

HY = i1XB + En

Ordinary least-squares estimates of the above equation will be
the same as generalized least-squares estimates of the equation
Y= XB + p.

In cross-section econornetric analysis, it is generally rearonablc
to assume that the covariance of the residuals ore zero, but often it
is believ:d that the varianca p is not the same for each observa-
tion. Since me cannot it fact observe the "true" variance-covariance
matrix, it is neectsary to mal.1 red Sortable assumptions about it.

Under certain eirc.,mstanc-s it is belioed that heteroscodasticity,
the condition wher, the vatiance of tbz dist:111(mm term is a furction
of the nature of the obsorvatien i, is li':ely to ex!st.
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One such circumstance is the case where all observations are
group means, the group are of unequal size, and individual. observa-

tions are not available. This case is a description of what in fact

occurs in estimating equation 2.1. The school systems arc, of varying

size and the observations on teacher characteristics arc mean observa-
tions for the entire system. If we assvmc that the variance of the
residual for each individual teacher would be the same, (and equal to
Q2), and that the within group variances are the same, then the
variance of the group mean is equal to cr2/n, where n is the size of
the group. (For size, the variable used was population of the town).

In th!c, case, the matrix V is equal to:

I

1/N1 0 0 0 C

0 1/N2 . . .

V = 0.
2

0 0 ... 1 /NT,

and it cam be easily shown that H is equal to

N
1

0 . . .

0 N2 . . . 0

11 =

0

Thus, assuming that the source of neteroseedasticity is the
difference between the variance of the error term for observations
of group means resulting from differences in the size of the group
for which the observation was computed, weightily, each observation
by the square root of the size of the group, and applying ordinary
least squares to the transformed observations, will yield best-linear
unbiased estimators.

The problem with using the above weighting scheme in estimation
of the quality-supply function for teachers in the Yoston SMSA is
that it is not clear that it is reasonable to assume that the within-
system variances arc the same for all systems. In particular, the
city of Boston is much less uniform internally than many of the
suburbs. For this reason, it is not entirely clear that the standard
weighting scheme used above will yield moo:: efficient estimators
than ordinary least squares applied to the individual observations.
A simple test for heterw,eedasticity perforred in an earlier version
of this paper showed no evidence that the size of the residual, com-
puted using ordinary least sqwres, was correlated in either direc-
tion with the size of the observation.
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B. Expanded Descrialtion of The Sample

In the next few pages, an expanded description of the samples of
data used in estimating the quality-supply function for teachers in
the state of Massachusetts is presented.

Tables A1.1 and A1.2 list means, variances, and coefficients of
variation for all variables used in the Boston S.M.S.A. sample and
the statewide sP3.mple.

Sonic points regarding construction of CL variables, and how some
of the special data problems were handled are worth mentioning.

1) Much of the available data, as can be seen from Tables 2.1
and 2.2, are for different years. Thus, we are regressing mean
teacher salary in 1968-69 on teacher and student characteristic
variables for 1968-69 and population characteristics, some which
refer to the year 1960. Since census data is not collected annually,
and alternative sources were not available for much valuable informa-
tion, there is little that can be done about the problem. If the
characteristics of the various towns and cities did not change much,
relative to each other, then there is no problem in using data from
different: years. Some evidence that the relative change wasn't
great is that a) the median income and percent of employed profes-
sional, technical and kindred variables both had very high t-values
in many of the regressions despite the fact that they were being
correlated with 1968-69 variables, and b) the two non-hite vari-
ables, though collected for different years, nine years apart, were
still almost perfectly correlated with each other. The variable
POPCRO, a manure of the rate of population expansion of a town
between 1930 and 1965, was still used as a check on the possible effect
of different relative rates of growth. The coefficient of POPGRO was
significant only in one set of regressions.

ii) The towns chosen to be included in the final sample were all
towns with separate secondary school systems. Those towns in the
state which share in regional secondary system.; were eliminated from
the sample, because of the difficulty in knowing which data to use
for the corresponding census variables. There are 180 such teems in
the slate, 66 in the Boston S.4.S.A. Only 13/ towns were used in the
statewide sample. The reason for the elimination of the extra 43 was
the incompleteness of the data in many of the individual town mono-
graphs. If the monograph did not include data on the racial charac-
teristics and job characteristics of the population, the town was
eliminated from toe sample.

For the included towns, sore of the observations for the variables
STNA11i, SSTRAT, APPC, ETMALE, MUM, 1RITAL, SSVSA7, and SSMSAT were
missing. It was decided to star: estimates of those observations, since
discarding the entire observation would have resulted in the loss of
much inforuation. The estimates were calculated as follows: 1) The
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Table A1.1

Means, Variances and Coefficient of Variation
variables in Boston S.M.S.A. Sample

Variable
Nat Mean Variance

Coefficient of
Variation

STSAL 7935.35 447464.0 0.084

STYPS 8.60197 7.32994 0.315

STED 9.99682 0.114741 0.34

STMALE 49.0279 52.9388 0.148

STGOS 28.3923 106.911 0.364

ETSAL 7626.94 306371 0.073

ETYPS 9.60257 7.22649 0.280

ETED 9.55257 0.168005 0.044

MALE 12.2433 32.2084 0.464

ETGOS 24.4824 141.1)3 0.485210

ETCERT 88.1126 164.519 0.146

ASNV 1.87667 16.8480 2.187

PROFTK 16.9697 26.9054 0.306

ADPC 9.457727 0.109 1.215

POPFOR 36.4913 59.0995 0.211

1RITAL 10.7768 31.4943 0.521

MEDINC 7422.03 1353.80 0.182

VALPRI' 6846.11 35S3360 0.276

POPDEN 4077.80 20353500.0 1./0635

CITY 0.0151515 0.0151515 8.124

POPNW 0.660454 1.85223 2.061

POPGRO 247.508 27675.0 0 672

SSTRAT 22.6t,85 5.532 0.103

ESTRAT 25.9060 4.02613 0.077

IOVTY 8.41060 3.41616 0.406173

RUSS 2.21364 16.2080 1.81869

DISCOS 12.3333 35.6564 0.466

51S 1143.35 197113 0.388

SSVSAT 474.864 533.473 0.048

SS:,SAT 507.818 726.582 0.053
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Table A1.2

Means, Variance and Coefficients of Variation
Variables in Statewide Sanple

Variable
Name :lean Variance

Coefficient of
Variation

STSAL 7535.82 460314 0.090

STYPS 8.27598 7.23323 0.325

STED 9.78562 0.172703 0.042

STNALF 52.0307 68.7526 0.159

STGOS 29.2423 110.500 0.359

ETSAL 7356.63 304639 0.075

ETYPS 9.82109 7.65316 0.282

ETED 9.09533 0.264245 0.057

ETNALE 11.3020 31.6426 0.498

ETGOS 23.4325 129.597 0.486

ETCERT 88.2634 18r.530 0.156

ASN'1 1.88051 14.4737 2.023

PROF1K 13.6601 29.3638 0.397

ADPC 0.502 0.242 0.960

AMOR 36.7087 55.1176 0.202

1RITAL 8.949 31.4763 0.627

flDINC 6712.35 1603760 0.189

VAMP 6868.84 5278550 0.379

POPDEN 2517.79 12846700 1.424

CITY 0.0948905 0.0865178 3.100

PO NW 0.691241 1.85169 1.969

POPGRO 208.271 18664.2 0.659

SS1IAL 23.1431 7.04327 0.115

ES1RAT 26.673 5.90992 0.091

DOSTON 0.00729927 0.00729927 11.704

SMSA 0.459654 0.250215 1.038
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missing variable was regressed on STSAL. if a secondary teacher vari-
able, ETSAL, if an elementary teacher variable, and MEDINC if a socio-
economic variable. A sub-sample including only those observations
for which all data was available was used for these regressions. If

the t-value in the regressiol. was greater than two, the missing obser-
vation was predicted from the regression; otherwise the mean value
of the missing variable was used for all observations for which it
had been missing. In no case were more than 8 observations missing
for any included variable.

None of he teacher characteristic variables, e",ept percent
male, and none of the racial data was missing from any included obser-
vation before the above adjustments.

Table A1.3 lists the towns in tlie Boston SNSA sample. Table
A1.4 lists the, towns in the statewide sample.

The variables used in Cie regressions were constructed as des-
cribed in Tables 2.1 and 2.2., except for SPSS. SPSS is a weighted
average of students per secondary school, constructed from data on
the size of individual junior high and high schools. The weights
are students per secondary school. If the student-teacher ratio is
the same in each school within a system, the variable can be inter-
preted as the average size of school faced by each teacher.

Xi2
SPSS =

Xi

her Xi = students in each secondary school.
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Table A1.3

Towns in SYSA Sample

Arlington Natick
Ashland Needham
Bedford Newton
Belmont North Reading

Beverly Norwood

Boston Norwell

Braintree Peabody

Brookline Quincy
Burlington Randolph
Cambridge Reading
Canton Revere
Chelsea Rockland
Cohasset Salem
Danvers Saugus

Dedham Scituate
Duxbury Sharon
Everett Somerville
Framingham Stoneham
Hanover Swampscott
Hingham Wakefield
Holbrook Walpole
Hull Waltham
Lexington Watertown
Lynn Wayland
hyunfield Wellesley
MAlden Wenham
Manchester Weston
Marblehr.ad Westvood
Medfielu Weymouth
Medford Wilmington
Melrose Winchester
Millis Winthrop
Milton Woburn
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Table A1.4

Towns in Statewide Sample

Andover Lawrence Reading

Arlington Lee Revere

Ashland Leicester Rockland

Attleboro Lenox Rockport

Auburn Leominster Salem

Avon Le,:ington Saugus

Ayer Longmeadow Scituat,

Barnstable Lowell Seekonk

Bedford Lud?.ow Sharon

Bellingham Lynn Shresbury
Belmont Lynufield Somerset

Beverly Malden Somerville

Biller!.ca Manchester Southbridge
Blackstone Marblehead Spencer

Boston Marshfield Springfield
Braintree Medfield Stoneham
Brookline Medford Stoughton

Burlington Melrose Sutton

Camoridge Methuen Swampscott

Canton Middleborough Swansea
Chelmsford Milford Taunton

Chelsea Millbury Tewksbury
Chicopee Millis Wakefield
Clinton Milton Walpole
Colasset Montague Waltham
Danvers Natick Ware
Dedham New Bedford Warren
Dracut Newburyport Wayland
Duxbory Newton Wellesley
East Bridgewater North Adams Wenham
Easton Northampton Westborough
Everett North Andover West Boylston
Fall River North Attleborough West Bridgewater
Falmouth Northbridge Westfield
Fitchburg North Brookfield Weston
Foxborough North Reading Westport
Framingham Norwell West Springfield
Franklin Nor ood Ve:4twood
Gardner Oxford Weymouth
Creenfield Palmer Wilmington
Haverhill Peabody hinchendon
Hingham Pittsfield Winchester
Holbrook Provinceto.:n Winthrop
Holyoke Quincy Woburn
Hopkinton Randolph Worcester
Hudson
iluil
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APPENWX II

In thiE appendix, some regression results from alternate speci-
fications of the equations used in chapter 3 are presented.

The final variables used in all the regressions in chapter 3
were selected by the stepwise regression procedure. Stepwise
regression is justified when there is no a Triori reason to conclude
that one independent variable ought to bel ng in an equation rather

than another. In the regressions of chapter 3, many independent vari-
ables, particularly among the socioeconomic indicators, were tested
which essentially represent similar phenomena. Several different
measures of racial composition and of the ir..idence of poverty were
tried, as well as a number of measures of e community's ability to
pay. There was no inherent reason to believe one to be a more rele-
vant variable than another.

The stepwise regression procedure is performed as follows:
1

1) Regress mean salary (dependent variable) on all the indepen-
dent variables, indenendently choosing the one with the highest R-
square to enter the equation.

2) Regress the dependent variable on the originally selected
variables plus all other variables added to it separately. Choose
as the second independent variable to enter the regression the one
which adds the most to the R-Square.

3) Keep repeating step 2) until none of the variables being
added have a t-value equal to or greater than 1.7.

4) If any of the included variables has a t-value less than
1.7, when a new vailable, with a higher t-value is added, drop the
old variable from the regression.

The rules listed above were departed from in two ways. One,

all the teacher characteristic variables were added before any
socioeconomic variables were tried. second, when data from a new
source became available, that variabie was added midway in the selc
Lion procedure to the list of variables being introduced on each r, .

All final regressions listed in chapter 3 only include variables
with t-statistics at least equal to 1.7. An attempt was made to add
all of the non-included variables to each final regression; none were
statistically significant.

All variables were c:itered linearly, except for a few which it
WAS boliovod t10q- pos3Pdy be noN.liac'nr. AP explained in clipter 3,
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a square root term was used for the teacher experience variable.
Square terms were entered for the variables PCVTY, DOPNW, ASNW, ADPC,
on the hypothesis that perhaps the compensating salary differential
required might be increasing more than proportionately with the percent
students non-white, or with the percent of families below the poverty
line. Except for two regressions including the variable POvTY, the
linear term in all cases fit better than the square term.

In chapter 3, it was explained that multicollinearity between the
percent students non-white and a dummy variable for the city of Boston
made it difficult to know whether race, or somt., other attribute unique
to the central city, was behind the discrimination coefficient. Table

A2.3 shows the results of three alternative specifications for the
secondary teachers equation for the Boston SMSA.

Table A2.2 shows the effect of adding the tiro central city dummy
variables, BOSTON, a dummy for the city of Boston, and CITY, a dummy
for the central city of any Metropolitan area, to the regression
equation for secondary teachers in the statewide sample. When the
non-white variable is excluded, a "central city" coefficient remains
for the city of Boston, but the sign attached to the coefficient of
CITY is not significantly different from zero. There is no indica-
tion t1ta; a central city per se requires a higher teacher salary.
Second, when the non-white student variable ASEW is included, adding
a central-city dummy does not contribute significantly to the regres-
sion, no matter which variable is usad, and the coefficient of ASN14
remains positive and statistically significant (although slightly
smaller when BOSTON is added).

In estimation of the Tufts sample, multicollinearity was much
more serious than in estimation of the SMSA sample, thus clouding
the interpretation of the results. Table A2.3 shows the simple cor-
relation matrix of the variables ASNW, [WNW, CITY and ADPC. Table
A2.4 presents quality-supply estimates for the sample of Tufts
teachers with the four above-mentioned variables entered separately.

It can be seen from Table A2.4 that each of the four variables,
when added to the regression, contribute significantly to the variance
in teacher salary. the "non-white student" coefficient may be intor-
pretcd also as a "poverty-avoidance" coefficient and a "central city"
coefficient. The. variables ASNW, DDKN, and ADPC are se closely
correlated that random noise may in fact bc responsible for the
individual signs of the coeffi Tents in Tables 3.12-3.15. The size
of the non-white coefficient measured in Table A2.4 is $32.00 per
teacher per additional percent students non-white, a slightly higher
coefficient than the one estiNated from the SSA and statewide samples.
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Table A2.1.

Alternate Specifications for Secondary Teacher Regression

Dependent Variable: SISAL

Coefficients (t-statistics in parenthesis)

Independent Variable ASNW added CITY added Both added

STE0 813.977 803.713 807.262
(6.32) (6.23) (6.25)

STMALE 18.4317 18.3424 18.3787
(4.07) (4.05) (4.05)

(STYPS)
1/2

741.944 789.015 761.905

(9.69) (10.60) (9.53)

MEDINC 0.149329 0.147077 0.149517
(4.61) (4.55) (4.61)

ASNW 24.0197 . . . 13.3506
(3.13) (0.93)

CITY . . . 758.512 401.420
(3.11) (0.88)

Constant -4407.73 -4386.80 -4383.27

R- Square .8839 .8838 .8854

F-statistic 91.3856 91.2326 76.0086

66 66 66
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Table A2.2

Alternate Spccifications for Secondary Teacher Regression

Dependent Variable: STSAL

Sample: State of Massachusetts

Coefficients (t-statistics in parenthesis)

ASNW added CITY added BOSTON addedIndependent Variable

STYPS -204.007 -175.265 -164.722
(2.42) (2.00) (1.92)

SlED 435.193 464.941 454.962

(5.26) (5.39) (5.40)

(STYPS)
1/2

1915.41 1779.69 1726.94
(3.96) (3.52) (3.50)

SALSA 267.985 294.084 260.839
(4.37) (4.50) (4.14)

MY,DINC 0.155772 0.136855 0.144610
(5.55) (4.73) (5.11)

ASNW 26.1907 . . .

(3.67)

ClTY . . 88.1197 OD*
(0.89)

BOSTON 845.78(i

(2,72)

Constknt -1690.46 -1678.26 -1552.69

P.- Square .8156 .7978 .8015

F-Statistic 95.83!13 85.4757 90.8973

N 137 137 137
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Table A2.2 (cont'd)

Indepondent
Variable

Coefficients (t-statistics in parenthesis)

ASNW and
BOSTON added

ASNW and
CITY added

STYPS -205.231 -197.043
(2.43) (2.32)

SLED 434.786 436.001
(5.?4) (5.25)

(81Y1-0112 1928.54 1879.53
(3.97) (3.85)

SNSA 260.347 263.585
(4.11) (4.26)

YED1NO 0.155162 0.155924
(5.50) (5.54)

ASNV 27.7278 22.5517
(3.57) (2.47)

CllY -52.6829
(0.51)

BOSION 249.032
(0.64)

Consta.A -1703.9) -1648.12

R7Squaro. .6160 .8162

Y-statintic 81.7169 81.8293

N 137 137
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Table A2.3

Simple Correlation Between Selected Variables
Tufts Sample

ASNW POIW ADPC CITY

ASNW 1.00 0.99 0.94 0.95

POPNW 0.99 1.00 0.95 0.94

ADPC 0.94 0.95 1.00 0.93

CITY 0.95 0.94 0.93 1.00

Table A2.4

Quality-Supply Estimates: Tufts Sample
Under Alternate Specifications

Dependent Variable: SALA-.7

Independent
Variable

ASNW
added

POPNW
added

CITY
prided

ADPC
added

MASTER 427.535 419.625 428.077 417.750

(7.49) (7.13) (7.02) (6.64)

SPEC -218.7E0 -208.201 -193.611 -197.6E9
(2.45) (2.26) (2.03) (2.00)

SEX -156.405 -154.1S0 -142.547 -1,6.439
(2.52) (2.41) (2.15) (2.12)

POPDEN 0.0200617 0.0247793 0.0339769 0.02.58047

(2.86) (3.47) (4.88) (2.98)

MEDINC 0.268659 0.277649 0.266943 0.285352

(12.37) (12.24) (11.45) (11.28)

ASNW 32.0835 .... 4 . e e e

(8.58)

TOM .... 93.9469

(7.54)

CITY 666.501

(6.30)

ADPC 226.962
(4.97)

Coststala 5403.31 5325.77 5423.66 5255.54

R-Square .6470 .623S .5971 .5700

F- Statistic 61.0E48 55.'1.123 49.3918 44.1691

N 2C7 201 207 207
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